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si 

The Mathematical Physics Branch/Mission Planning and Analysis Division has  t h e  
r e s p o n s i b i l i t y  t o  provide t h e  func t iona l  ground naviga t ion  software formulation 
requirements f o r  t he  Mission Control Center (MCC) low-speed-processing phases 
during Operations P ro jec t  S h u t t l e  (OPS) . 
The ground naviga t ion  software formulation requirements are l o g i c a l l y  organized 
i n t o  volumes. This organiza t ion  is presented i n  the accompanying t a b l e .  The ma- 
te r ia l  i n  each volume p resen t s  t he  l e v e l  C formulation requirements o f  t h e  
processors  and modules requi red  t o  process  low-speed-tracking da ta  and perform 
o r b i t  determination computations. Each volume desc r ibes  the  formulation requi re -  
ments of t h e  i d e n t i f i e d  processor or module s p e c i f i e d  i n  t h e  OPS MCC Ground Navi- 
ga t ion  Program Level B Software document ( r e f .  1) : The inpu t s  and ou tpu t s  
requi red  to  accomplish the func t ions  described are s p e c i f i e d .  Flow c h a r t s  
def in ing  t h e  sequence o f  mathematical ope ra t ions  and d i sp lay  and c o n t r o l  
Processing requi red  t o  ' s a t i s f y  t h e  described func t ions  are included i n  the  docu- 
ment where appropr i a t e .  

Paragraphs r e l a t i n g  t o  unique requirements f o r  t h e  automatic DC e d i t ,  which w i l l  
not be included i n  the  i n i t i a l  implementation, are enclosed i n  dashed l i n e s .  
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1 .O 

The l o g i c  s t r u c t u r e  presented he re in  is designed t o  s a t i s f y  the  l e v e l  B sof tware 
requirements spec i f i ed  i n  s e c t i o n s  5.14, 6.0 ( f ig .  6-13),  7.2.13, and 8.3.13 of  

CORRELATION TO LEVEL - B 

JSC I N  77-FM-57. 

2 .O GENERAL DESCRIPTION * \  

The o r b i t  determinat ion execut ive (ODE) shal l  provide t h e  con t ro l l i ng  logic f o r  
the low-speed (onorb i t )  o r b i t  determinat ion (OD) process  and the ground naviga- 
t i o n  computati;nin-t,e-Sh_utLlg gi~si-n-C&n&o> SeEtgr There shall  be t h r e e  
modes of OD; :the d i f f e r e n t i a l  c o r r e c t i o c  e d i t  lDCJE)m_o@ ~t$_ba~c&-&-,ba&c~ - 

1 +(B)-m,od~,-an_d_th~ suEer_ba&c& LSB_r ao&e, The DCE mode sha l l  provide the  use r  
I w i t h  a hands-off c a p a b i l i t .  Lo_execgte  prehiginary soku@x-w-foy_th_e puypose_O_r -I 
LegitisJaLc&es 0,f AaLa,' The BB mode s h a l l  provide a semiautomatic OD process  
i n  which the user  can s t e p  through t h e ' d a t a  batches i n  a veh ic l e  da ta  t a b l e  
(VDT)  batch by ba tch ,  exe rc i s ing  a c c e p t / r e j e c t  dec i s ions  for  each so lu t ion .  The 
SB mode sha l l  provide the  user  with an OD process  i n  which a group of  da t a  
batches sha l l  be completely processed as a single data set before  r e tu rn ing  con- 
t r o l  t o  the system. , 

----------- 
I 

2.1 ODE FUNCTIONS 

The ODE l o g i c  s h a l l  be constructed s u c h ' t h a t  the  use r  can apply any mode t o  any 
of s eve ra l  veh ic l e s ;  however, only one ODE s h a l l  be i n  execut ion a t  a time. The 
specific func t ions  provided by the ODE are as fol lows.  

a .  Provide a l l  i n i t i a l i z a t i o n  f o r  t h e  OD, including se tup  of DCE, BB, and SB 
modes. 

b .  Provide the c a p a b i l i t y  t o  accept  manual c o n t r o l  i n p u t s .  

c .  Use the da ta  f i l e  c o n t r o l  processor  (DFCP) t o  accomplish the  fol lowing.  

( 1  ) Automatically s p l i t  a batch of d a t a  containing a powered f l i g h t  segment 
def ined i n  the  mission p lan  t a b l e  (MPT). 

( 2 )  Ensure t h a t  no powered f l i g h t  segments occur wi th in  the  S B  data span 
(excluding zero delta-V maneuvers) . 

(3)  Locate the  batches t o  be processed and compile required d e s c r i p t i v e  
d a t a .  

d .  Propagate the  input  state vec tor  t o  t h e  anchor time, or output  time, using 
the  f r e e - f l i g h t  p red ic to r  (FFP) and/or the powered f l i g h t  numerical 
i n t e g r a t o r  (PFNI). 

If superbatch end time propagation is requested,  propagate the  a p r i o r i  
s tate vec tor  from anchor time, using t h e  a p r i o r i  va lues  for  a l l  dynamic 
state vec tor  elements. 
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e .  I n i t i a l i z e  conten ts  and values  of  parameters i n  t he  s o l u t i o n .  

1 
I _________--------- - - - - - - - - - - - -  --I 

c_____________--_-------------- 

l ( 1 )  DCE mode - s i x  elements ( s i x  components of spacec ra f t  pos i t i on  and 
ve loc  i t y  ) I 

(2) BB mode - s i x  or nine elements ( s i x  components of spacecraft pos i t i on  
and ve loc i ty  and,  upon opt ion ,  three components of a vent  spanning the 
e n t i r e  i n t e r v a l )  z 

SB mode - s i x  t o  f i f t e e n  elements, including s i x  components of  
spacec ra f t  pos i t i on  and v e l o c i t y  and,  upon op t ion ,  any combination of 
t he  following. 

* >  

( 3 )  

(a)  A maximum of three vents  over spec i f i ed  tinhe i n t e r v a l s  contained 
wi th in  the data arc (each vent  c o n s i s t s  o f  three components of the 
v e n t ' s  f o r c e )  

Up t o  nine data biases 
(b )  Drag m u l t i p l i e r  
( c )  

f .  Propagate any e x i s t i n g  covariance matr ix  t o  t he  anchor time using the 
covariance matr ix  processor  (CMP), o r  f e t c h  vec tor  independent covariance 
matrices from the covariance s to rage  table (CST) . 
Use the CMP t o  cons t ruc t  the a p r i o r i  covariance matr ix  from the  6x6 pos i -  
t i o n  and ve loc i ty  por t ion  of t he  propagated covariance matr ix  p lus  (as 
requi red)  diagonal  elements f o r  data biases, drag m u l t i p l i e r ,  and 3x3 
submatr ices  f o r  vent elements.  This inc ludes  coordinate  t ransformations f o r  
the  vector-independent covariance mat r ices  from t h e  CST. 

g.  

h .  Inver t  the a p r i o r i  covariance matr ix  for the i n i t i a l i z a t i o n  of the normal 
matr ix .  

i. Use the convergence processor (CP)  t o  compute the a c t u a l  OD s o l u t i o n  from a 
weighted leas t - squares  f i t  of  ground-based naviga t ion  t racking  data. 

In  theDcGmode (or  BB mode wi th  e d i t  op t ion)  use the data e d i t i n g  processor  
(DEP) t o  e d i t  the batch of observa t ions .  If the set of edi ted observa t ions  
changes,  redo the  OD up t o  a user -spec i f ied  maximum number of times ( e d i t  

j. 

l oops ) .  

k .  Superbatch end time propagation of  the output  vec to r  and covariance t o  
output  time using the free-flight p red ic to r  (FFP) and covariance matr ix  
processor  (CMP) r e spec t ive ly .  

In  the e d i t  modeI(DCE1or --d BB wi th  e d i t  o p t i o n ) ,  i f  more than the  user -  
s p e c i f i e d  number of observa t ions  are flagged f o r  exclusion (or i f  t he  state 
vector  change is g r e a t e r  than a user -spec i f ied  amount), i l lumina te  a d i g i t a l  
d i sp l ay  d r ive r  (DDD) and cease processing data from t h i s  veh ic l e  (DCE auto-  
mat ica l ly  accep t s  i ts  so lu t ion  and goes t o  the next  batch unless  an e d i t i n g  
problem occurs)  . 

-- 
1. 

2 
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i 

m. When a so lu t ion  has been accepted,  s t o r e  the r e s u l t s  i n t o  the appropr ia te  DC 
h i s t o r y  t ab le  ( d i f f e r e n t i a l  co r rec t ion  e d i t  h i s t o r y  table (DCEHT) , batch- 
to-batch h i s t o r y  t a b l e  (BBHT) , or superbatch h i s t o r y  table (SBHT)) . 

n.  When the accep t / r e j ec t  dec is ion  f o r  a BB so lu t ion  has been en tered ,  set up 
a work request  f o r  t he  next  BB determinat ion.  

2 .2  ODE STRUCTURE 

The func t iona l  s t r u c t u r e  f the ODE is i l l u s t r a t e d  i n  f igure  1 .  Note t h a t  the  
cont ro l  l o g i c  f o r  BB and eC3modes share common l o g i c .  In add i t ion ,  note t h a t  
the block OD is c a l l e d  i n  a l l  modes. The EDIT block is ca l l ed  only i n  BB and 
DCE modes. The ODE s t r u c t u r e  is described i n  sec t ion  9.0 of  t h i s  document. The 
OD is descr ibed  i n  sec t ion  10.0, and EDIT is descr ibed  i n  sec t ion  11 . O .  

3 
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Figure 1 .- Orbit determination functional logic. 
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3.0 HIERARCHY 
______----------------------------- 

5 e c a u s e  of t h e  mul t i func t ion  use of t he  ODE and the h igh  p robab i l i t y  of s eve ra l  7 
I reques ts  f o r  the ODE i n  the  system queue(s1 a t  any one time, it is necessary t o  I 
l e s t a b l i s h  a h ie rarchy  f o r  the se l ec t ion  of  the  ODE work reques ts  from the system I 
Iqueue(s ) .  I 
IBB func t ions  sha l l  have p r i o r i t y  over DCE func t ions .  I 
i s h a l l  operate  on one veh ic l e  VDT u n t i l  a l l  the data i n  t h a t  VDT have been 
[ e d i t e d .  The DCE s h a l l  then proceed t o  the next v e h i c l e ' s  VDT. This procedure I 
lis intended t o  minimize the number of interchanges of  data between mass data 

IFrom time t o  time it w i l l  be necessary f o r  the user  t o  change s p e c i f i c  ODE con- I 
l t r o l  parameters,  and/or t o  respond t o  a requested dec is ion .  These e n t r i e s  s h a l l  I 

I 
&s,nchronous -----------------.------------.------1 with  the ODE queue(s ) .  

In  gene ra l ,  SB func t ions  s h a l l  have p r i o r i t y  over BB func t ions ,  and 
For e f f i c i ency ,  t he  DCE 

I 

I 
I I 

{be  entered by means of  the manual en t ry  device (MED) , and s h a l l  be processed 

s torage  devices  and the computer memory. 

4.0 LOW-SPEED NAVIGATION TRACKING DATA -_ 
The purpose of the ODE is t o  ob ta in  a "best es t imate"  of  the target v e h i c l e l s  po- 
s i t i o n  and ve loc i ty  by f i t t i n g  the low-speed navigat ion t racking  data i n  t h e  
weighted leas t - squares  sense.  

The term "low-speed" refers t o  the  t racking  data sample rate ( i . e . ,  the i n t e r v a l  
between consecutive data counter r eadou t s ) .  A l l  navigat ion t racking  data having 
a sample rate frequency no g r e a t e r  than one sample per second shal l  be 
considered t o  be low-speed . 
These data s h a l l  c o n s i s t  o f  ang le ,  range,  and c a r r i e r  rad io  frequency (RF) s h i f t  
(Doppler) acquired by t racking  a space vehic le  from a ground rece iv ing  s t a t i o n  
e i t h e r  d i r e c t l y  or v i a  a r e l ay  s a t e l l i t e .  

The ob jec t ive  of t h i s  s ec t ion  is t o  def ine  the  terminology concerning the  low- 
speed navigat ion t racking  data t o  be used i n  the remainder of  t h i s  volume. 

4.1 VDT 

There s h a l l  be one VDT per  DC l i n k .  
low-speed navigat ion t r a c k i q  data. 
wi th  r e spec t  t o  the batch time (time of the first v a l i d  observat ion wi th in  a 
ba tch) .  The remainder of t h i s  s ec t ion  is a d e t a i l e d  desc r ip t ion  of the conten ts  
of the VDT. 

Each VDT s h a l l  conta in  up t o  100 batches of 
The VDT s h a l l  be ordered chronologica l ly  

4.1.1 VDT Header Record 

Each VDT s h a l l  conta in  the  following data 

a .  DC l i n k  I D  - i d e n t i f i c a t i o n  of t h e  DC l i n k .  

5 
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b. Tracking-type exclusion f l a g s  - six f l a g s  t o  i n d i c a t e  t r ack ing  types t o  be 
excluded from processing i n  one of  the ODE modes. 

( a )  C-band 
( b )  S-band direct  
( c )  Relay 

( 2 )  SB 

( a )  C-band 
(b)  S-band direct 
( c )  Relay 

4.2 DATA BATCHES 

The data batches have a header recorc. and a data  record t h a t  contains  up t o  100 
time-tagged observat ion data frames. 

4.2 .I Batch Header Record -- 
a .  I D  codes 

(1 )  Batch I D  

( 2 )  Orig ina l  DC l i n k  o f  batch 

(3) Support I D  code 

( 4 )  Vehicle I D  

( 5 )  Receiver s t a t i o n  I D  

( 6 )  Transmit ter  s t a t i o n  I D  

( 7 )  Forward l i n k  r e l ay  sa te l l i t e  

(8) Return l i n k  relay s a t e l l i t e  

( 9 )  Forward l i n k  ground antenna I D ,  r e t u r n  l i n k  ground antenna I D .  

(10) Return l i n k  relay s a t e l l i t e  frequency 

(11 )  Tracking type 

(a )  C-band sk in  
( b )  S-band d i r ec t :  N/S two-way 
( c )  S-band d i r ec t :  E/W two-way 
( d )  S-band direct:  N/S three-way 

6 
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( e )  S-band direct :  E/W three-way 
( f )  Relay: two-way/three-way 
(g)  Relay: hybrid 

(12) Live-sim i n d i c a t o r  

b .  Frequency 

( 1  ) Reference frequency 

( a )  S-band-direct = two-way t r ansmi t t e r  frequency from t r ansmi t t i ng  
s t a t i o n ' s  incoming data message 

S-band direct  = three-way rece iv ing  s t a t i o n ' s  estimate of  the 
t r ansmi t t e r  frequency from rece iv ing  s t a t i o n ' s  incoming data 
message 

( b )  

( c >  Transmitter d i rec t  frequency = use r  input  value of t r ansmi t t e r  fre- 
quency t o  be used f o r  processing three-way d i r e c t  Doppler data. 

( d )  Relay = target vehic le  t r ansmi t t e r  frequency 

bFp - r e t u r n  r e l ay  l i nk  t r a n s l a t i o n  frequency ( 2 )  

c .  Transponder delays 

( 1 )  Target veh ic l e  

( 2 )  Forward l i nk  re lay  s a t e l l i t e  

( 3 )  Return l i n k  r e l ay  s a t e l l i t e  

Bias values  ( t o t a l  co r rec t ion  appl ied by the bias cor rec t ion  processor)  d .  

( 1 )  Time 

(2 )  Range 

( 3 )  Angle 1 

( 4 )  Angle 2 

( 5 )  Doppler 

e .  Processing f l a g s  

(1)  Alien - i n d i c a t e s  tha t  batch was o r i g i n a l l y  from another DC l i n k  

(2 )  Exclude/BB - i n d i c a t e s  t h a t  batch is t o  be excluded from BB processing 

( 3 )  Exclude/SB - i n d i c a t e s  t h a t  batch is t o  be excluded from SB processing 

7 
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( 4 )  Inva l id  three-way f l a g  - used t o  i n h i b i t  processing of a three-way d i -  
rect batch u n t i l  u se r  has input  a t r ansmi t t e r  I D  and a t r ansmi t t e r  
frequency 

(5)  DCE - i n d i c a t e s  whether batch has been processed by the DEP 
T 

f .  Miscellaneous 

( 1 )  Doppler model c o e f f i c i e n t  K: Nominally lOOOw4 (S-band d i r e c t ) ,  1000 
(S-band r e l a y ) ,  100 (K-band r e l a y ) .  However, i f  the LSIP d iv ides  
Doppler by 1000/100, K = 6 4  (S-band d i r e c t ,  1 ( r e l a y ) .  Here 
coq = t a r g e t  veh ic l e  transponder r a t i o  

Doppler bias frequency (W3)  - e f f e c t i v e  bias frequency used i n  
r ece iv ing  ground s t a t i o n ' s  Doppler counter subsystem 

(2) 

( 3 )  Range ambiguity i n t e r v a l  ( A R )  

g .  Data information 

( 1 )  Batch time - time tag of first va l id  observat ion 

(2) F i n a l  time of da ta  - time t ag  of l as t  v a l i d  observat ion 

(3)  Total  number of  data frames 

( 4 )  Number of  v a l i d  observat ions 

( a )  Range 
( b )  Angle 
( c )  Doppler 

( 5 )  Number of ed i ted  observat ions 

( a )  Range 
( b )  Angle 
( c )  Doppler 

4.2.2 Data Record/Data Frame -_~----- 

The data  record por t ion  of a data batch s h a l l  contain up t o  100 data  frames. 
Each frame w i l l  contain values  f o r  the  following information: 

a .  Time tag  - provided by rece iv ing  s t a t i o n  

b. Angle 1 - azimuth or X-angle 

c .  Angle 2 - e leva t ion  or Y-angle 

P 

d .  Range - round t r i p  range 

a 
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e .  Doppler - di f fe rence  between counter  readouts  divided by the sampling 
i n t  erva 1 

f .  Tau - Doppler counter  sampling i n t e r v a l  (or compression i n t e r v a l  i f  
spec i f i ed  by u s e r )  

g .  Edit  flags - one fo r  each of the data f i e lds  (angle  1 ,  angle  2 ,  range,  and 
Doppler) 

4.3 OBSERVATION 

Each parameter i d e n t i f i e d  i n  the data frame (sec. 4.2.2) as angle  1, angle  2 ,  
range,  and Doppler ( i n  genera l )  s h a l l  be referenced as an observat ion.  When an 
observat ion is defined f o r  a given format but  is i n v a l i d  f o r  a p a r t i c u l a r  data 
frame, it s h a l l  be replaced by a f i l l e r  va lue .  

Observation C-band Direct S-band Relay 

Angle 1 Azimuth X-angle -- 
Angle 2 Elevat ion Y-angle -- 
Range 

Doppler 

Round t r i p  Round t r i p  

Doppler count -- 
i n t e r v a l  

Round t r i p  
(module AR) 

T 

where 

AR = range ambiguity i n t e r v a l  

AC = d i f f e rence  between two samples of t h e  frequency counter a t  the 
rece iv ing  s t a t i o n  

'I = the  time i n t e r v a l  between frequency counter samples used i n  the com- 
pu ta t ion  of AC 

5 .O SOLUTION VECTOR 

The so lu t ion  vec tor  sha l l  d e l i n e a t e  the s i z e  and conten ts  of the  state vec tor  
wi th in  the ODE. The order  of the elements of the covariance matr ix  are a l s o  
defined by t h i s  vec to r .  

9 
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The following def ines  the conten ts  of  the so lu t ion  vec tor .  

Pos i t ion  - t h ree  elements,  Car tes ian  mean of  1950, 

Velocity - t h ree  elements,  Cartesian mean of 1950, ;; [i] 
Vent( i )  - t h ree  elements,  Cartesian vehic le  body a x i s ;  i = 1 ,  2 ,  or 3 (one,  two, 
or three  sets of  parameters,  each set  cons i s t ing  of  t h ree  force components 
referenced t o  vehic le  body coordinate  system) . 
Drag m u l t i p l i e r  - single element,  scalar m u l t i p l i c a t i v e  f a c t o r  f o r  the  drag i n  
the i n t e g r a t i o n  force  model. 

b j  - b iases  f o r  re layed Doppler observa t ions ,  j = 1 , 2 , .  . . , 9  

where 

Forward re lay  l i n k  Return re lay  l i n k  J ---- 
1 TDRS E TDRS E 

2 TDRS S TDRS S 

3 TDRS W TDRS W 

4 TDRS E TDRS S 

5 TDRS E TDRS W 

6 TDRS S TDRS E 

7 TDRS S TDRS W 

8 TDRS W TDRS E 

9 TDRS W TDRS S 

bl , b2,  and b3 are two-way/three-way relayed Doppler b i a ses  and the remainder 
a re  hybrid relayed Doppler b i a ses .  

The so lu t ion  vector  s h a l l  def ine  from 6 t o  15 elements ,  based on user  MED inputs  
and ODE mode (SB, BB, o r  D C E ) .  Pos i t ion  and ve loc i ty  s h a l l  always be p re sen t .  
I n  the i n t e r e s t  of s i m p l i c i t y ,  the o v e r a l l  order  of  the so lu t ion  vector  should 
remain f ixed as there  s h a l l  be seve ra l  pieces of software using it. With a 
f ixed o r d e r ,  t he  conten ts  of  the  so lu t ion  vec tor  can be reduced t o  13 p ieces  of 
binary information.  

10 
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6 .O A P R I O R I  STATE VECTOR 

6.1 TERMINOLOGY 

A s t a t e  vec tor  i n  the ODE sha l l  refer t o  the vec tor  of numeric values  f o r  posi-  
t ion  ve loc i ty  components, vent  fo rces ,  drag  m u l t i p l i e r ,  and/or data biases. 
S t a t e  vec tors  are va r i ab le  i n  length from 6 t o  15 elements ( t h e  first 6 elements 
a re  always assoc ia ted  wi th  pos i t i on  and v e l o c i t y ) .  There s h a l l  always be a time 
tag  (epoch) f o r  a state v e c t o r ,  and each vent  s h a l l  be defined by a time i n t e r -  
va l .  

\ 

I 

Because a s t a t e  vec tor  has  va r i ab le  con ten t ,  it shall  be necessary t o  have a 
means t o  def ine the conten t .  Within the  ODE the means of i d e n t i f i c a t i o n  is the  
so lu t ion  vec tor  (sec. 5 .0 ) .  External  t o  t h e  ODE the  name "so lu t ion  vector"  no 
longer has s ign i f i cance ,  and it s h a l l  be assumed tha t  there is a vector  of de f i -  
n i t i o n s  assoc ia ted  w i t h  every state vec to r .  Imp l i c i t  i n  each so lu t ion  vec tor  is 
the fact t h a t  t h e  first s i x  elements of every state vec tor  must be pos i t i on  and 
ve loc i ty  . 
Fur the r  de f i n i t i o n s  

a .  Anchor time - time assoc ia ted  w i t h  computed r e s u l t s  within the ODE. A l l  ODE 
computations take place a t  the time tag of the earliest  va l id  observat ion 
being processed. 

Output  time - time assoc ia ted  with the output r e s u l t s .  
modes, t h i s  is the time of t h e  ear l ies t  va l id  observat ion.  For the SB mode, 
t h e  output time may a l s o  be the time of the l a s t  observat ion.  

Input s t a t e  vec tor  - the  input  s t a t e  vec tor  t h a t  shal l  provide the i n i t i a l  
pos i t i on  and ve loc i ty  information f o r  the  OD. This vector  sha l l  be obtained 
from one of the sources  defined i n  sec t ion  6.2.  

b .  For BB andDFE7 

C .  

d .  A p r i o r i  s t a t e  vector  - t h i s  s tate vec tor  conta ins  the  i n i t i a l  es t imate  of 
the  values  fo r  the ODE s o l u t i o n  a t  the  i n i t i a l  time of  the  data arc. 

e .  Output vector  - state vector  a t  output  time as a r e s u l t  of t h e  so lu t ion .  

f .  Dynamic parameters - those elements of  a s t a t e  vec tor  t h a t  a f f e c t  the  propa- 
ga t ion  of the pos i t i on  and ve loc i ty  from one time poin t  t o  another  ( i . e . ,  af-  
f e c t  t h e  t r a j e c t o r y ) .  
s h a l l  be excluded and the dynamic parameters r e s t r i c t e d  t o  vent forces  and 
drag m u l t i p l i e r .  

For discuss ion  of  t h e  ODE, pos i t i on  and ve loc i ty  

6.2 INPUT STATE VECTOR RETRIEVAL 

The user  sha l l  provide an i d e n t i f i c a t i o n  f o r  the input  s ta te  vec tor .  
source s h a l l  be s tored  i n  the appropr ia te  con t ro l  table and used t o  r e t r i e v e  t h e  
input  s t a t e  vec tor .  

Th i s  

11 
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A standard rou t ine  (system rou t ine )  s h a l l  provide access t o  a l l  input  state 
vec tors .  These vec tors  (and t h e i r  a s soc ia t ed  time tags) sha l l  be found i n  one 
of the following sources .  

a .  Vehicle MPT t r a j e c t o r y  p r o f i l e  

b .  Vector adminis t ra t ion  table (VAT) 

& L--- 7 -6CFHZ 
d .  BBHT 

e .  SBHT 
7 -  

f. ODE c o n t r o l  tables @CJZBB, and SB) 

The pos i t i on  and ve loc i ty  elements of  the vector  obtained i n  t h i s  manner s h a l l  
be transformed ( i f  necessary)  t o  Car tes ian  mean-of-1950 elements and the e n t i r e  
vector  s tored  i n  the appropr ia te  ODE con t ro l  table as the input  state vec tor  
p l u s  time t a g .  

--- State vec to r s  ------- obtained from the vehic le  MPT t r a j e c t o r y  p r o f i l e ,  VAT, @EHZ,SZ ---------- the  DCE c o n t r o l  t a b l e s j s h a l l  conta in  only s i x  elements of  pos i t i on  and ve loc i ty .  
The state vec tors  from t h e  BBHT and BB con t ro l  tables may have s i x  or n ine  
elements.  The th ree  a d d i t i o n a l  elements sha l l  be a vent force f o r  a l l  BB- 
r e l a t ed  s ta te  vec tors .  A l l  the  remaining sources  have va r i ab le  length and con- 
t e n t  s t a t e  vec to r s ,  t h e  conten ts  of which are i d e n t i f i e d  (as  discussed)  i n  sec- 
t i o n  5.0.  

6.3 GENERATION OF THE A P R I O R I  STATE VECTOR 

There are two d i s t i n c t  po r t ions  of the a p r i o r i  s t a t e  vec tor :  the i n i t i a l  value 
fo r  pos i t i on  and v e l o c i t y ,  and the i n i t i a l  values  f o r  the remainder of the 
vec tor .  

6.3.1 Pos i t ion  a_nd V e l o c i Q  

The pos i t i on  and ve loc i ty  components of the a p r i o r i  s ta te  vector  shall  be 
Cartesian mean of 1950, and sha l l  be obtained as fol lows.  

a .  Use the input  s ta te  vec tor  from the appropr ia te  con t ro l  table.  

b .  Modify the  p o s i t i o n ,  R ,  and t h e  v e l o c i t y  V ,  by the user-specif ied change 
+ + 

t o  the semimajor a x i s ,  Aa, which is a l s o  s tored  i n  t h e  cont ro l  t a b l e .  The 
required computations a r e  

2 1/2 
+ 

R = I R I  = (x2 + y2 + z ) 

12 
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where 

i.1 is  the  g r a v i t a t i o n a l  cons t an t  o f  t he  Earth 

+ +  + + 
R', V' are the  modified values  o f  R and V 

c .  If t h e  time t ag  of  the inpu t  state vec to r  is d i f f e r e n t  from t h e  anchor time, 
-b + 

propagate R' and V' t o  anchor time with t h e  s p e c i f i e d  i n t e g r a t o r  
op t ions .  If t h e r e  are dynamic parameters i n  t h e  inpu t  state vec to r  they 
s h a l l  be considered i n  propagation. 

d .  The r e s u l t a n t  Cartesian mean-of-1950 p o s i t i o n  and v e l o c i t y  a t  anchor time is 
s to red  as the  a p r i o r i  p o s i t i o n  and v e l o c i t y  i n  the  con t ro l  t a b l e .  

6.3.2 Addit ional  Elements 

Superbatch a p r i o r i  values  f o r  vent f o r c e s  (and the  a s soc ia t ed  s tar t  and s t o p  
times), drag m u l t i p l i e r s ,  and data  b i a s e s  s h a l l  be entered by the  use r  v i a  MED. 
Time i n t e r v a l s  for  SB vents  s h a l l  be required u s e r  i n p u t .  BB s o l u t i o n s  s h a l l  a l -  
ways use t h e  value o f  ze ro  f o r  a p r i o r i  ven t  f o r c e s ,  and the  s ta r t  and s t o p  
times s h a l l  be set t o  t h e  time i n t e r v a l  spanned by the da t a  batch.  

--I______ 

13 
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7.0 A P R I O R I  COVARIANCE MATRIX APPLICATION 

7.1 INTRODUCTION AND TERMINOLOGY 

a .  BB Mode 

There are four  automatic submodes used f o r  determinat ion of  t he  a p r i o r i  
covariance.  In  the SS1 submode, no a p r i o r i  covariance is used. I n  the 
SS2, SS3, and SS4 submodes, the CMP is i n s t r u c t e d  t o  cons t ruc t  an a p r i o r i  
covariance.  

The s o l u t i o n  vec tor  i n  the BB mode con ta ins  e i ther  s i x  or nine elements.  If 
it is nine elements,  it conta ins  one ven t .  In  a l l  submodes (except  SSl) the 
CMP cons t ruc t s  a 6x6 M50 Cartesian state covariance 
p r i o r i  t i m e  
covariance,  BCOV. The a p r i o r i  covariance,  A ( t A )  ( re turned  by the CMP) i s  
e i ther  6x6 or  9x9 and has the  gene ra l  form 

C ( t A )  ( va l id  a t  a 
t A >  as i n s t r u c t e d ,  and appends (if i n s t r u c t e d )  the 3x3 vent  

S p e c i f i c  d e f i n i t i o n s  of the four  automatic  submodes are given below. 

SS1 submode - No a p r i o r i  weighting is used i n  the OD process  ( i . e . 9  
the ODE sets A - ' ( t A )  = 0 )  (6x6 or 9x9). 

SS2 submode - The covariance mat r ix  SS2 (6x6) s to red  i n  the CST is used 
t o  cons t ruc t  the a p r i o r i  covariance.  This matr ix  is time-tagged a t  

t A ,  and the CMP uses  the  a p r i o r i  pos i t i on  and ve loc i ty  Vector 
transform the matr ix  SS2 t o  C ( t , )  i n  M50 coord ina tes .  If  a vent  is 

-+ 
XA t o  

spec i f i ed  i n  t h e  s o l u t i o n  vector",' BCOV is appended t o  
A ( t A )  

C ( t A )  t o  ob ta in  

SS3 submode - This submode is i d e n t i c a l  t o  SS2 except t h a t  the 
covariance matr ix  SS3 from the CST is used t o  cons t ruc t  the  a p r i o r i  
covariance mat r ix .  

SS4 submode - The output  (or  "so lu t ion"  covariance from t h e  previous 
data batch) is propagated t o  t h e  anchor time of t he  cu r ren t  batch; only 
the 6x6 p a r t i t i o n  (Car tes ian  pos i t i on  and ve loc i ty  covariance)  i s  
propagated by the  CMP. 
BCOV is appended as above fol lowing propagat ion.  

If a vent  is spec i f i ed  i n  the  so lu t ion  vec to r ,  

In  add i t ion  t o  these four  automatic submodes, the user  may spec i fy  t ha t  any of  
the vector-independent matrices s to red  i n  the  CST be used t o  cons t ruc t  the a 
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p r i o r i  covariance.  In  t h i s  case, AA is constructed as i n  the SS2 and SS3 
submodes. 

1 
I I 

---------------------------------- 
rb, -- DCE mode 

I 
I 
I 
L, 

C .  

The procedure f o r  the DCE mode is i d e n t i c a l  t o  t h e  BB mode except t h a t  the  I 
s o l u t i o n  vec tor  is l i m i t e d  t o  t h e  six-dimension Cartesian pos i t i on  and veloc-1 

I i t y  elements only.  The SS4 automatic submode is not appl icable  t o  t h e  DCE 
mode. 
------------------------------,J 

SB mode 

The methods f o r  cons t ruc t ing  the  a p r i o r i  covariance matrices i n  the SB mode 
bear the same names as those used f o r  t he  BB mode. However, the d e f i n i t i o n  
of SS4 is considerably d i f f e r e n t ,  and t h e  CST s l o t s  SlCOV o r  S2COV are used 
t o  obta in  the "appended" parameter covariance elements.  

The maximum allowed dimension of the SB s o l u t i o n  vector  is 15 ( i . e . ,  up t o  
9 dynamic parameters and/or observat ion b i a s  elements may be u s e d ) .  
cons t ruc t s  C ( t A )  = (6x6 M50 Car tes ian  pos i t i on  and ve loc i ty  covariance a t  
anchor time) as i n s t r u c t e d  (see below). Elements i n  S l C O V  or S2COV (only  
one of  these i s  specified) are then appended ( i n  so lu t ion  vec tor  order )  t o  
C ( t A )  t o  ob ta in  the a p r i o r i  covariance matrix N t A ) .  

The conten ts  of SnCOV ( n  = 1 , 2 )  are as fol lows.  

The CMP 

CVn = 3x3 vent  covariance 

ODn2 = drag m u l t i p l i e r  var iance 

Ob2n2 = 

abHn2 = 

two-way/three-way r e l a y  Doppler b i a s  var iance 

h y b r i d  relay Doppler bias  var iance 

Example: Suppose tha t  the so lu t ion  vector  spec i f i ed  the following 
parameters. 

Element Parameter 

7 - 9  Vent 1 

10 - 12 Vent 2 

13 Drag m u l t i p l i e r  

14 Two-way/three-way bias f o r  a given TDRS p a i r  

15 Hybrid b i a s  f o r  a given TDRS p a i r  

If SnCOV is s p e c i f i e d ,  the CMP cons t ruc t s  t h e  a p r i o r i  covariance.  

15 
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! ! 1 ! 1 ! ! 

1 ! 6x3 ! 6x3 ! 6x1 ? 6x1 ! 6x1 ! 
! ! ! ! ! 1 I 

! ! ! ! ! ! 1 

! 3x6 ! ! 3x3 ! 3x1 ! 3x1 ! 3x1 ! 

! C ( t A ) !  0 ! 0 ! 0 ! 0 ! 0 ! 

! 0 ! C V n !  0 ! 0 ! 0 ! 0 ! 

! ! ! I ! ! ! 
! ! ! ! ! 1 ! 
! O !  0 ! C V n !  O !  0 ! O !  

A ( t , )  = ! ! ! ! ! I ! 
! 3x6 ! 3x3 ! ! 3x1 ! 3x1 ! 3x1 ! 

I ! ! ! ! ! ! 
! O !  O !  0 ! d !  O !  O !  
! 1x6 ! 1x3 ! 1x3 ! Dn ! 1x1 ! 1x1 ? 

! O !  O !  O !  0 !a2 ? O !  
! 1x6 ! 1x3 ! 1x3 ! 1x1 ! b2n ! 1x1 ! 

! O !  O !  O !  O !  0 ! a 2  ! 
! 1x6 ! 1x3 ! 1x3 ! 1x1 ! 1x1 ! bHn ! 

! ! ! ! ! ! ! 
! ! ! ! ! ! ! 

! ! ! ! ! ! ! 
! ! ! ! I ! ! 

! ! ! ! ! ! ! 

The methods of  a p r i o r i  covariance cons t ruc t ion  spec i f i ed  by the ODE f o r  the SB 
mode are given below. 

( 1 )  

( 2 )  SS4 - In  t h i s  case, a vector-dependent covariance is spec i f i ed  f o r  the 

ss1  - NO a p r i o r i  covariance ( i . e . ,  A - l ( t A )  = 0)  

a p r i o r i  covariance matr ix  cons t ruc t ion  ( s e e  sec. 7.2 f o r  poss ib l e  s t o r -  
age l o c a t i o n s ) .  

The a p r i o r i  s ta te  vec to r ,  
propagat ion)  from the vector  assoc ia ted  wi th  t h i s  covariance.  The CMP 
propagates the  6x6 matr ix  
specified covariance)  from its time of re ference ,  
time. The r e s u l t i n g  mat r ix ,  C( t A )  , is then augmented (as defined 
above) wi th  elements of  S l C O V  or  S2COV t o  obta in  A( t A )  . 
Specify a vector-independent covariance - Any one of the 6x6 vector-  
independent matrices s tored  i n  the  CST is spec i f i ed  f o r  the a p r i o r i  

covariance matrix cons t ruc t ion .  The a p r i o r i  s t a t e  vec to r ,  X A ,  is 
used t o  ob ta in  C ( t A > .  

+ 
XA, is required t o  be der ivable  ( v i a  

C ( t E )  = (upper l e f t  6x6 p a r t i t i o n  of  
tE t o  t h e  anchor 

( 3 )  

-+ 
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d .  Downweight opt ion 

After the covariance A ( t A )  
requi red  (per  user  i npu t )  t o  downweight t h i s  matr ix  as fol lows.  

has been suppl ied by the  CMP, the  ODE may be 

K = KGAMMA downweight mul tzp l ie r  (nominal value = 2 )  

n = Number of times the KGAMMA P B I  has been depressed by user ( p r i o r  t o  
execution of  t h e  ODE) 

The matr ix  A A  
r e c t i o n  ( D C )  process .  The parameter n i n  t he  appropr ia te  con t ro l  t a b l e  is 
r e s e t  t o  ze ro  af ter  t h i s  computation. The downweight opt ion is not app l i cab le  
fo r  SS1 s o l u t i o n s  i n  any mode. 

is then used as the a p r i o r i  covariance i n  the d i f f e r e n t i a l  cor- 

7.2 FUNCTIONAL REQUIREMENTS 

7.2.1 Spec i f i ca t ion  of Input Covariance 

A covariance matrix i n  one of the following s torage  loca t ions  is spec i f i ed  ( t o  
the  CMP) t o  be used i n  cons t ruc t ing  

a .  CST - s l o t s  SS2, SS3, CMI-CM4 contain only 6x6 vector-independent matrices 

C ( t A ) .  

i n  any of  the  th ree  a v a i l a b l e  coordinate  systems. 

b .  BBHT - conta ins  e i t h e r  6x6 or 9x9 (one vent)  vector-dependent matrices i n  
s tandard i n t e r n a l  coord ina tes .  

c .  SBHT - conta ins  vector-dependent (up t o  15x15) mat r ices  i n  s tandard i n t e r n a l  
coord ina tes .  

DCEHT - conta ins  6x6 vector-dependent matr ices  i n  standard i n t e r n a l  ' coord ina tes .  
~d,-------------------------------  1 

I 
L--,,,-,,,,,,,,,-,,--------------~ 

e .  Solu t ion  con t ro l  t a b l e  - conta ins  cu r ren t  DC so lu t ion  (BB, SB, o r s Z 3 ) c o -  
var iance  matr ix  (vector-dependent) i n  standard i n t e r n a l  coord ina tes .  

In the  BB mode, t he  BCOV vent covariance is spec i f i ed  i f  a vent is spec i f i ed  i n  
the so lu t ion  vec to r .  In  the  SB mode, e i t h e r  SlCOV or S2COV is spec i f i ed  f o r  con- 
s t r u c t i n g  the "parameter elements" sec t ion  of the covariance 

Note: In  the SS2, SS3, or  CMi  app l i ca t ion  submdes (where a vector-independent 

covariance is s p e c i f i e d ) ,  the  ODE normally s u p p l i e s  ( X A ,  t A )  t o  t h e  CMP. 

A (  t A )  . 

+ 

17 
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7.2.2 Powered F l i g h t  

If one or more MPT burns occur i n  the time i n t e r v a l  ( t E ,  t A )  over which the  
covariance matr ix  is t o  be propagated, the  ODE must supply the following data t o  
the CMP. 

The ODE 
loca ted .  

n+ 

-f 

XTIG, = M50 state a t  i s i t i o n  time of  burn number 

TTIGn = Ign i t ion  time of burn number 

may spec i fy  i d e n t i f i c a t i o n  ( I D )  codes ind ica t ing  where these data are 

n 

n 

7.2.3 K G M A  hwnweight 

The covariance A ( t A )  is returned t o  the  ODE from the CMP. If the  user has  
depressed the  KGAMMA PBI  n times p r i o r  t o  execution of  the cur ren t  DC solu- 
t i on ,  the  OD computes 

The matr ix  is suppl ied t o  the CP f o r  a p r i o r i  weighting i n  the DC solu-  
t i o n .  The parameter n i n  the  appropr ia te  c o n t r o l  table is reset t o  zero  after 
t h i s  computation. The downweight optiafi  is not app l i cab le  f o r  SS1 so lu t ions  i n  
any mode. 

EO- I 
----- 
- MED INPUT 

I The user sha l l  have the c a p a b i l i t y  t o  inpu t  or change the contents  of any one of 1 
I the con t ro l  t a b l e s  a t  any time ( inc luding  the con t ro l  table f o r  a DC link/mode I 
I t h a t  is i n  execut ion) .  A change dur ing  execution time s h a l l  not a l te r  the param- I 
I e t e r s  being used by an OD a l ready  i n  execution bu t  s h a l l  be used f o r  the next  
I ODE execut ion wi th  the  spec i f i ed  DC l i n k  and mode. , ~ f e c t  the con t ro l s  t o  be used f o r  the FORCE opt ion t o  any ODE mode. ,,,,,,,,,,,,,-,-,-------------------~ 

I New MED values  sha l l  not af- 

9 .O ODE CONTROL 

The ODE con t ro l  l o g i c  s h a l l  provide en t ry  i n t o  the proper mode/function ( i . e . ,  
SB, BB, or,DCEj). The opera t ions  performed a r e  described i n  the following > 

paragraphs. 
v--I 

ODE CONTROL s h a l l  first obta in  t h e  requeeted DC l i n k  and switch on the "OD I N  
PROGRESS' DDD. If, a t  t h i s  po in t ,  the DC l i n k  has not been i n i t i a l i z e d ,  an 
e r r o r  message sha l l  be s e t ,  d i s p l a y s  queued, the IfOD I N  PROGRESS" DDD switched 
o f f ,  and con t ro l  re turned t o  the system. 

18 
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If the  DC l i n k  has  been i n i t i a l i z e d ,  e r r o r  f l a g s  and message i n d i c a t o r s  s h a l l  be 
reset. The proper c o n t r o l  t a b l e  s h a l l  then be loaded according t o  what mode has  
been requested (i .e. ,  i f  an SB mode is requested,  t h e  SB c , o n & r ~ l t a J l ~  Ls- - - 
lo&de_d ,and_conko_l &sqa_ssed-to_ t_he-S& &n_c t i o n  l o g i c  ) . ZoLeL ------- If t h e  BB mode 
is requested the  DCE f lag s h a l l  be s e t  t o  r r N O . r f T  ---------------------~ 

r------------------------------------ 
1 9.1 DCE FUNCTION 

' matic e d i t i n g  of  t he  bulk of  the  ground-based navigat ion t racking data. 
I s h a l l  be a b l e  t o  recognize the occurrence of  c e r t a i n  problems and excessive 
I noise  i n  t h e  da t a ,  and request  t he  u s e r  t o  in t e rvene .  
I following dec i s ion  func t ions  a t  h i s  d i sposa l .  

I DCE accept  - accept  the  cu r ren t  r e s u l t s  and proceed 

DCE re jec t  - d e l e t e  t h e  batch from t h e  VDT and proceed as i f  the batch never 

I DCE execute  - redo t h e  s o l u t i o n  ( t h e  u s e r  may change c o n t r o l  parameters o r  data  
I e d i t  s t a t u s  p r i o r  t o  t h i s  decis ion)  
I 
I DCE fo rce  - perform one more i t e r a t i o n  with no a d d i t i o n a l  e d i t i n g  
I I Another adjunct  t o  t h e  DCE s h a l l  be t h e  DCE i n i t i a l i z e  funct ion t h a t  s h a l l  

I P r i o r  t o  execution of a DCE f o r  any DC l i n k ,  t h e  u s e r  must cause t h e  DCE c o n t r o l  
I t a b l e  f o r  t h a t  l i n k  t o  be i n i t i a l i z e d .  
I mat ica l ly  s t e p  through ( ch rono log ica l ly )  a l l  unedited data batches ( i n  t h a t  
I v e h i c l e ' s  VDT) t h a t  have an i n i t i a l  time equal  t o  or g r e a t e r  than a user- 
I suppl ied start time. 
I 
I Automatic sequencing through the data  batches s h a l l  cont inue f o r  t h e  s p e c i f i e d  
I DC l i n k  u n t i l  

' a .  
I 
I b. 
I 
I C .  

I 
I I above reasons,  r e s p e c t i v e l y ,  s h a l l  be r e i n i t i a l i z e d  when 

' a .  
I 
I b .  
I 
1 c.  
I 

The purpose of  t h e  DCE funct ion s h a l l  be t o  provide a mechanism f o r  t h e  auto- 
The DCE 

The u s e r  s h a l l  have t h e  

I 

I 
I 
I existed 

i n i t i a l i z e  the DCEHT, c o n t r o l  t ab le ,  and i n i t i a t e  t h e  automatic DCE process .  

Once s t a r t e d ,  t he  DCE process  s h a l l  auto- 

The use r  d e a c t i v a t e s  t he  DCE f o r  the s p e c i f i e d  DC l i n k .  

No unedited data  batches e x i s t  f o r  t h e  s p e c i f i e d  DC l i n k .  

An e r r o r  is encountered ( an  e d i t i n g  problem). 

The automatic processing of the  da t a  batches t h a t  have been in t e r rup ted  f o r  t h e  

The u s e r  r e a c t i v a t e s  t he  DCE f o r  t h e  s p e c i f i e d  DC l i n k .  

A new data  batch is placed i n  the  VDT. 

The user provides  a decis ion v i a  t h e  pushbutton i n d i c a t o r  (PBI). 
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9 . I  . I  DCE I n i t i a l i z e  

A MED input  t o  i n i t i a l i z e  the DCE funct ion f o r  a user -spec i f ied  DC l i n k  sha l l  
cause the  following ac t ion  t o  be taken.  

a.  Load t h e  required DC l i n k  ( i f  necessary) and ve r i fy  t h a t  the DC l i n k  has 
been i n i t i a l i z e d .  

b. Reset e r r o r  flags and message i n d i c a t o r s .  

c .  

If problems are encountered i n  i n i t i a l i z i n g  the above items, a message s h a l l  be  
s e n t  t o  the user explaining what is wrong, and t h e  ODE sha l l  r e tu rn  c o n t r o l  t o  
the system. 

If no problems are encountered, the i n i t i a l i z a t i o n  s h a l l  

a .  Search the array indica ted  by the DCE con t ro l  table f o r  the required s ix -  
element state vec to r .  
the ODE s h a l l  set an error message and r e tu rn  con t ro l  t o  t h e  system.) 

Se t  the ODE t o  use the  DCE c o n t r o l  table  and set t h e  DCE flag t o  r l Y E S . "  

(If f o r  some reason a state vec tor  cannot be found, 

b .  Move the state vector  (and its time) i n t o  the DCE c o n t r o l  table.  If neces- 
s a ry ,  transform the state vector  t o  Cartesian mean o f  1950 (MOF50). 

If the requested so lu t ion  type r equ i r e s  an a p r i o r i  covariance matrix 

a .  Use t h e  CMP t o  provide t h i s  matrix t o  the DCE con t ro l  table.  If t h i s  matr ix  
i s  not a v a i l a b l e ,  set an e r r o r  message and r e tu rn  c o n t r o l  t o  the system. 

b .  Use the DFCP t o  l o c a t e  the first da ta  batch wi th  an i n i t i a l  time g r e a t e r  
than o r  equal  t o  its user -spec i f ied  s ta r t  time. If no such batch e x i s t s ,  
set an e r r o r  message and r e tu rn  con t ro l  t o  the system; otherwise,  cont inue 
processing.  

c .  Zero the conten ts  of the DCEHT. (Note: The s t a t e  vector  and covariance 
matr ix  must  be i n  the con t ro l  t a b l e  p r i o r  t o  destroying the DCEHT.) 

d .  Enter a work order i n  the DCE queue f o r  the ODE t o  perform a DCE on t h i s  l i n k .  

e .  

f .  Set  t h e  decis ion wai t ing f l a g  t o  "NO." 

Set t h e  i n i t i a l i z a t i o n  flag t o  ind ica t e  t h a t  the DCE has been i n i t i a l i z e d .  

g .  Return t o  t he  system. 
I 
I 

I 
I 9.1.2 DCE Auto Mode 

I The purpose of the DCE AUTO mode en t ry  t o  the  ODE is t o  provide con t ro l  f o r  the 
1 automatic e d i t i n g  of the ground-based navigat ion tracking data. 
I is  a genera l  o u t l i n e  of the required func t ions  f o r  the DCE. 

The fol lowing 

1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

* .  

I 
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I a .  
I 
I b.  
I 
I c .  
I 
I d .  

f e .  Use the e d i t  r o u t i n e  t o  e d i t  the  data i n  the batch.  

I 
I 
1 g .  Repeat s t e p s  (e )  and ( f )  u n t i l  t he  e d i t i n g  cr i ter ia  are sa t i s f ied .  (The 
I I c r i ter ia  are sa t i s f ied . )  
I 

I 
I i .  
I 
I j. 
I 
I k .  
I 

'9 .1.2.1 DCE Work Request Va l id i ty  I 
lThe following test  and dec i s ions  s h a l l  be performed p r i o r  t o  processing any data 
I w i t h  t he  DCE. 

I a .  
I i t u r n  t o  t h e  system. 

' b .  
1 system. 
I 
I c .  
I t u r n  t o  the  system. 

I d .  If the re  is not an unedited ba tch  wi th  a batch time greater than the user-  
I 
I 
1 9 I .2.2 
I 
I I n  execut ion,  t h e  DCE AUTO s h a l l  loop through s e v e r a i  processors  t o  accomplish 
I data e d i t i n g .  The OD rou t ine  (sec. 10.0) s h a l l  perform seve ra l  tests t o  deter- 
I mine if the DCE can be accomplished, prepare i n i t i a l  s ta te  and covariance data ,  
I and u t i l i z e  t h e  RCP and CP t o  ob ta in  a set of r e s i d u a l s  t o  e d i t .  

Verify the v a l i d i t y  of the DCE work r eques t .  

Use the DFCP t o  ob ta in  the appropr i a t e  data batch from the VDT. 

I n i t i a l i z e  the OD from the DCE c o n t r o l  table .  

Use the  OD t o  generate  ephemerides and compute r e s i d u a l s .  

f .  Use t h e  OD t o  generate  a new es t ima te  o f  the target v e h i c l e ' s  p o s i t i o n  and 
v e l o c i t y  and t o  compute data r e s i d u a l s  based on the new estimate. 

EDIT r o u t i n e  shall  store the edi ted data batch i n t o  the VDT when these 

h .  Unless prevented by some f a i l u r e  or e d i t  t e s t ,  accep t  the DCE s o l u t i o n  and 
s t o r e  the r e s u l t s  i n  the DCEHT. 

I s sue  a work r eques t  f o r  t h e  DCE AUTO t o  process  another  data  batch.  

I s sue  a BB work request  f o r  t h i s  DC l i n k .  

Return c o n t r o l  t o  the system. 

I 
If the DCE has  no t  been a c t i v a t e d  f o r  the s p e c i f i e d  DC l i n k ,  p l ace  a work re- 
ques t  i n  the queue f o r  t he  BB t o  process  a batch from t h i s  DC l i n k ,  and re- 

If t h e  DCE has not been i n i t i a l i z e d  f o r  the s p e c i f i e d  DC l i n k ,  r e t u r n  t o  t h e  

If  the DCE decis ion wai t ing f lag has been set f o r  the s p e c i f i e d  DC l i n k ,  re- 

I 

specif ied minimum DCE time f o r  t h e  DC l i n k ,  r e t u r n  t o  t h e  system. 

DCE Processing 

I 
I 
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I 
I 
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The DCE AUTO sha l l  loop through the  OD and EDIT rou t ines  ( s e c .  11  .O) u n t i l  
e i t h e r  the DEP f a i l s  t o  change the e d i t  s t a t u s  of a s ing le  poin t  or an e r r o r  
occurs .  

Error condi t ions  s h a l l  be as fol lows.  

a .  DEP i n d i c a t e s  a data e d i t  problem. 

b.  An e r r o r  flag from the  OD. 

c .  Exceeding the  allowed number of  e d i t  loops.  

The DCE sha l l  ensure t ha t  the f i n a l  estimate of  t h e  state vector  is based on the 
da ta  batch i n  its f i n a l  e d i t e d  s t a t u s .  

When the OD EDIT looping process  is complete, the EDIT rou t ine  s h a l l  use the  
DFCP t o  copy the  DCE vers ion  of the cu r ren t  data  batch i n t o  the VDT. This  in-  
c ludes the  "batch edited" flag and the number o f  po in t s  deleted by the  DEP i n  
the data batch header record.  

The DCE processing shall  then continue with the fol lowing.  

a .  Test t h e  q u a l i t y  of t h e  convergence. A tes t  shal l  be made t o  determine 
whether or not t he re  has  been too great of  a change i n  the state vec tor  
( s e c .  8.4). 
a t i o n  of the converged residuals f a l l  within user -spec i f ied  l i m i t s .  

Also, a tes t  s h a l l  be made t o  see i f  the mean and s tandard devi- 

If an e r r o r  f l a g  has been s e t ,  or i f  a q u a l i t y  t e s t  has  been f a i l e d ,  the DCE 
decis ion wai t ing f l a g  s h a l l  be turned on, the DCE problem l i g h t  (DDD) act i -  
va t ed ,  a display queued, and c o n t r o l  re turned t o  the system. This e x i t  
s h a l l  suspend the automatic sequencing feature of t he  DCE funct ion f o r  t h i s  
DC l i n k .  (Note: Suspending the  DCE is not t h e  same as deac t iva t ing  the 
DCE . 
If no e r r o r  flags have been se t ,  and the  q u a l i t y  t e s t s  have been passed,  the 
DCE s h a l l  automatical ly  proceed t o  the  DCE accept l o g i c .  Normally, t he  DCE 
func t ion  sha l l  au tomat ica l ly  s t e p  through a l l  da ta  batches i n  the VDT f o r  
any one vehic le .  Once the automatic sequencing f e a t u r e  is suspended, the  
use r  s h a l l  have t o  respond t o  r e i n i t i a t e  the automatic sequencing. User re- 
sponses sha l l  be t o  e i t h e r  accept  the cu r ren t  results and continue (DCE 
ACCEPT), d e l e t e  the  cu r ren t  batch of data from the VDT and continue (DCE 
REJECT), or repea t  t h e  process  f o r  the cu r ren t  batch (DCE EXECUTE). DCE 
FORCE s h a l l  not n e c e s s i t a t e  t h e  automatic sequencing through t h e  data 
batches.  

I 
I 
I 
I 
I 
I *", 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 

I 
I 
I 
I 
I 
I 
I 

9.1 .3 DCE ACCEPT 

The DCE ACCEPT en t ry  i n t o  the ODE is a use r  response exercised after the auto-  
matic sequencing of the DCE func t ion  has stopped and the DCE decis ion wai t ing 
f l a g  has been s e t  f o r  a DC l i n k .  Normal terminat ion of the  DCE occurs when no 

-- 

problems have been encountered. The purpose of t he  manual en t ry  is fo r  t h e  u se r  
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t o  accep t  t h e  r e s u l t s  o f  t h e  DCE even though the  l o g i c  has balked. When t h e  DCE 
lACCEPT en t ry  is requested f o r  a s p e c i f i c  l i n k ,  t h e  l o g i c  s h a l l .  
! 
l a .  
I 
I 
I 

I 
I b .  

C .  

I 
Id .  
I 
I e .  
I 
i f .  

Send a d e s c r i p t i v e  message t o  t h e  u s e r ,  and r e t u r n  c o n t r o l  t o  t h e  system i f  
t h e  work request  is a manual e n t r y  and t h e  DCE dec i s ion  waiting flag has n o t  
been set  f o r  t h e  i d e n t i f i e d  DC l i n k .  

Write a record i n  t h e  DCEHT f o r  t h i s  DC l i n k .  The information required f o r  
t h e  DCEHT (sec. 14.0) s h a l l  be obtained from t h e  DCE c o n t r o l  t a b l e .  

Cause a work order t o  be placed i n  t h e  DCE queue f o r  t h e  ODE t o  be entered 
a t  DCE AUTO f o r  a DCE on t h i s  DC l i n k .  

Turn o f f  t he  DCE decis ion wai t ing flag and DDD. 

Cause a work order  t o  be placed i n  t h e  BB queue f o r  a BB s o l u t i o n  on t h i s  DC 
l i n k .  

Return c o n t r o l  t o  t h e  system. 

I 
19.1.4 DCE REJECT 
I 
[The DCE REJECT e n t r y  i n t o  t h e  ODE is a u s e r  response exercised only after t h e  au- 
( toma t i c  sequencing of  t he  DCE funct ion has  stopped and t h e  DCE decis ion wai t ing 
f l a g  has  been set f o r  a DC l i n k .  The purpose o f  t h i s  e n t r y  is t o  d e l e t e  from 

I the VDT the  batch o f  data  j u s t  processed and resume automatic DCE processing.  
'When t h e  DCE REJECT e n t r y  is requested f o r  a s p e c i f i c  DC l i n k ,  t he  l o g i c  s h a l l  

la. Send a d e s c r i p t i v e  message t o  the  u s e r  and r e t u r n  c o n t r o l  t o  the  system i f  
I t h e  DCE dec i s ion  wai t ing f l a g  has  no t  been set f o r  t h e  i d e n t i f i e d  DC l i n k .  

Ib. Use t h e  DFCP with the  i d e n t i f i c a t i o n  of  t he  cu r ren t  batch t o  d e l e t e  t h e  
I batch from t h e  VDT. ' 

I 

I 

Restore da t a  from the  l a s t  accepted e n t r y  i n  t h e  DCEHT i n t o  the  cu r ren t  solu-  
c '  t i o n  information da ta .  

I 
Id. 
I 
I 
l e .  
I 
I f .  
I 
I9.1 .5 DCE EXECUTE 
1 
lThe DCE EXECUTE e n t r y  i n t o  t h e  ODE i s  a user-response e n t r y .  Th purpose f 
I t h i s  en t ry  is t o  r epea t  t h e  DCE process  on the  same data  batch t h a t  was j u s t  
I Processed. 
l l o g i c  s h a l l  

Cause a work order  t o  be placed i n  t h e  DCE queue fo r  t he  ODE t o  be entered 
a t  DCE AUTO f o r  a DCE on t h i s  DC l i n k .  

Turn o f f  t h e  DCE decis ion w a i t i n g  flag and DDD. 

Return c o n t r o l  t o  t h e  system. 

When t h e  DCE EXECUTE e n t r y  is requested fo r  a s p e c i f i c  DC l i n k ,  t he  
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

23 



.. . 

78FM30 : V 

1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a .  Send a desc r ip t ive  message and r e t u r n  con t ro l  t o  the system i f  t h e  DCE deci- 1 
sion waiting flag has not been set f o r  the i d e n t i f i e d  DC l i n k .  I 

I 
I 
I 
I 
I 
I 

b .  Capture c o n t r o l  parameters and input  data f o r  the c o n t r o l  table .  

c. Perform t h e  DCE OD us ing  the  same data batch i d e n t i f i c a t i o n s  as fo r  the pre- 
v ious  DCE. A t  t h i s  po in t  the processing is i d e n t i c a l  t o  the DCE processing 
log ic  (sec. 9 .  t . 2 . 2 )  . 

9.1.6 DCE FORCE 
I 

I 
I 

l o g i c  s h a l l  I 
I 

Send a desc r ip t ive  message and r e t u r n  c o n t r o l  t o  the system i f  the DCE deci-  I 
I 
I 

Direc t ly  e n t e r  the DCE processing l o g i c  a t  the  OD rou t ine  t o  perform one it- I 
e r a t i o n  (without  e d i t )  as a cont inua t ion  of t he  preceding DCE' s  p o s t e d i t  OD. 

The purpose of the  DCE FORCE en t ry  is t o  force one add i t iona l  i t e r a t i o n  i n  t h e  
CP. This en t ry  is a user-response en t ry  t o  the dec is ion  wai t ing condi t ion i n  
the DCE. No add i t iona l  e d i t i n g  shall be performed i n  response t o  t he  DCE FORCE. 

When the DCE FORCE en t ry  is requested by the  use r  f o r  a s p e c i f i c  DC l i n k ,  the 

1 

I 

a .  
s ion waiting flag has not been set for  the i d e n t i f i e d  DC l i n k .  

b .  

I 
1 
I 
I 
I DCE FORCE. 

c . If no e r r o r s  are encountered (excess ive  s ta te  vec tor  change, nonsa t i s f ac to ry  
converged r e s i d u a l s ) ,  r e tu rn  con t ro l  t o  the system. 

d .  The DCE s h a l l  remain i n  the dec is ion  waiting s t a t u s  upon conclusion of the 

L----,,,,,_,_,,----,,,___-,,-,________ 
9.2 BB FUNCTION 

The purpose of the BB funct ion is t o  perform a f i t  over a s i n g l e  batch of  
ground-based navigat ion data. The BB process  is semiautomatic f o r  a p a r t i c u l a r  
DC l i nk  i n  t h a t  the  u s e r ' s  acceptance or r e j e c t i o n  of a batch sha l l  queue t h e  
processing of the next  ba tch .  

i 

The anchor time and output time f o r  each batch sha l l  be t h e  time of the first 
v a l i d  data poin t  i n  the ba tch .  

The BB so lu t ion  vector  assoc ia ted  with t h i s  anchor time s h a l l  cons i s t  of e i t he r  
s i x  or  nine elements.  The six-element ( p o s i t i o n  and ve loc i ty )  s ta te  vector  
s h a l l  always be p resen t .  Optional ly ,  three components of  vent  force  ( f o r  a vent  
over the e n t i r e  batch) sha l l  be included.  The BB func t ion  may,,at,u&er_'s_oL-- -t 

ticn, a&topl&t;ca/l. e d i t  _the &as  _wiLhAn-eEh-ba-tg _pr-czs&ed_L 1 There s h a l l  a l s o  I 
$e an i n t e r f a c e  between the  BB and t h e  DCE func t ions .  If the DCE is a c t i v e  f o r  I 
I the  same DC l i n k  as the  BB, t he  BB func t ion  w i l l  not process  a p a r t i c u l a r  ba tch  
bf-data_ u_ntil,it h_as_bLey @sed- by the  DSEA - - - - - - - - - - - - - - - I 
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The BB mode use r  may invoke the following c o n t r o l  func t ions .  

a .  BB accept  - accepts  the  r e s u l t s  of the  batch j u s t  processed. 

b .  BB reject  - rejects the r e s u l t s  of  the batch j u s t  processed and deletes the  
batch from the  VDT. 

c .  BB execute  - processes  the ba tch  c u r r e n t l y  i n  the ODE work area. Always a 
repea t  ( w i t h  modified parameters) of a previous process .  

d .  BB recha in  - restarts the  BB processor .  

e .  BB fo rce  - fo rces  one add i t iona l  i t e r a t i o n  i n  the  OD funct ion over the c u r  
r e n t  batch.  

A required p a r t  o f  the  BB process  s h a l l  be the BB i n i t i a l i z e  func t ion ,  which 
s h a l l  conta in  t h e  l o g i c  t o  p r e s e t  the  BB h i s t o r y  and c o n t r o l  tables.  This func- 
t i on  s h a l l  begin the semiautomatic BB process  by invoking the  BB execute  func- 
t i o n  f o r  t he  des i r ed  batch of  data wi th in  the spec i f i ed  l i nk .  

9.2.1 BB I N I T I A L I Z E  

The BB i n i t i a l i z e  MED inpu t  s h a l l  spec i fy  the  DC l i n k ,  the s ta r t  time, and the  
i n i t i a l  s tate vec tor  l oca t ion .  Upon r e c e i p t  of  the MED, the  BB i n i t i a l i z e  func- 
t i o n  shall  move the MED's parameters i n t o  the  BB c o n t r o l  table.  The input  state 
vector  sha l l  be moved t o  the  BB con t ro l  table and s to red  as i n i t i a l i z a t i o n  data. 
If e r r o r s  are encountered i n  t h i s  f e t ch  and s t o r e ,  appropr ia te  messages s h a l l  be 
displayed and con t ro l  re turned t o  the system. The a p r i o r i  covariance and 
inver ted  KGAMMA degraded s l o t s  of  the  cu r ren t  so lu t ion  sec t ion  s h a l l  be zeroed.  

The state vec tor  I D  s h a l l  be set t o  use the cu r ren t  so lu t ion  of t h e  BBCT as 
inpu t  i n  t h e  OD func t ion .  

The DFCP s h a l l  then be called t o  l o c a t e  the first batch of  da t a  f o r  the  selected 
l i n k  whose start time is greater than or equal  t o  the con t ro l  table (MED) s tar t  
time. If no data a r e  found, a message s h a l l  be sen t  t o  the u s e r ,  and processing 
sha l l  cont inue .  

The BB h i s t o r y  t a b l e  shall  then be c l ea red  f o r  the se l ec t ed  l i n k ,  and a work re- 
ques t  s h a l l  be issued t o  the  BB queue f o r  t h i s  DC l i n k .  

A flag s h a l l  then be set t o  ind ica t e  t h a t  i n i t i a l i z a t i o n  has been completed, t h e  
dec is ion  wai t ing f l a g  set t o  "NOf1 (=O) and con t ro l  re turned t o  the system. 

9.2.2 BB Execute 

The BB execute  en t ry  may be requested as the cont inua t ion  of  a s p e c i f i c  ODE func- 
t i o n ,  or it can be requested v i a  MED t o  repea t  the processing of a batch of  data 
(with poss ib l e  modif icat ion of any BB c o n t r o l  t a b l e  parameters except the batch 
i d e n t i f i e r ) .  
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9.2.2.1 BB Manual Execute 

Whenever BB EXECUTE is requested d i r e c t l y  by the user, t h e  BB decis ion wai t ing  
f l a g  s h a l l  be tested.  If the  flag is on, c o n t r o l  parameters and MED's sha l l  be 
loaded i f  a temporary covariance over r ide  submode has been requested,  t h e  
covariance over r ide  f lag sha l l  be se t .  The e d i t  loop counter  sha l l  be zeroed,  
and processing s h a l l  proceed w i t h  t he  OD func t ion;  otherwise,  a message sha l l  be  
s e n t  t o  t h e  use r  and c o n t r o l  re turned t o  the system. 

If t h e  BB e d i t  opt ion has not been requested,  t h e  OD func t ion  s h a l l  be used  t o  
compute t h e  update t o  the s ta te  vec to r .  Control s h a l l  then be returned t o  the 
ODE rout ine  where, i f  the e r r o r  mode is not equal t o  1 ,  d i sp lay  parameters s h a l l  
be computed and t h e  dec is ion  wai t ing f l a g  set t o  OYES1l ( = I ) .  The ODE s h a l l  re- 
tu rn  con t ro l  t o  the system. 

If the BB e d i t  opt ion has been reques ted ,  the process  shall  loop through the  OD 
and EDIT func t ions  u n t i l  DEP fa i l s  t o  change the e d i t  s t a t u s  of a s i n g l e  p o i n t ,  
o r  u n t i l  an e r r o r  occurs.  Edi t ing  shall be performed before  using t h e  CP. 

Error condi t ions  s h a l l  be as fo l lows .  

a .  Too much data e d i t e d  away 

b .  An e r r o r  flag from the OD 

c .  Exceeding the  allowed number of e d i t  loops 

The BB processor  sha l l  ensure t h a t  the f i n a l  estimate of  the s t a t e  vector  and 
data s ta t i s t ics  are based on the data batch i n  its f i n a l  e d i t e d  status. 

Detection of an e r r o r  s h a l l  cause a message t o  be sen t  t o  the user. In  any 
c a s e ,  the DCFP s h a l l  be called t o  copy t h e  e d i t e d  batch of data i n t o  t h e  VDT, 
t he  BB e d i t  flag sha l l  be turned o f f ,  a d i sp lay  of the results s h a l l  be queued, 
the BB dec is ion  wai t ing flag s h a l l  be turned on, and c o n t r o l  sha l l  be returned 
t o  the system. 

9.2.2.2 BB Automatic Execute 

When the BB EXECUTE is requested au tomat ica l ly ,  and the decis ion w a i t i n g  f l a g  is 
s e t  t o  "NO," t he  next  batch (no t  excluded) i n  the VDT s h a l l  be processed as 
f 0 11 ows . 
a .  Use the  DFCP t o  l o c a t e  t he  next  ba tch  and r e tu rn  t h e  batch I D ,  s t a r t  t ime,  

time of  l as t  va l id  observa t ion ,  time span,  r e l a y  s a t e l l i t e  i d e n t i f i c a t i o n ,  
and e r r o r  f l a g s .  If t h i s  is t h e  first c a l l  af ter  i n i t i a l i z a t i o n ,  u s e  t h e  
batch information obtained by the  BB i n i t i a l i z a t i o n  func t ion .  

----------------------------------- 
p b .  If the  DCE i s  not a c t i v e  f o r  t h i s  DC l i n k ,  t h e  DFCP s h a l l  be used t o  s e t  an -I I 
L--,--------,,,,-,,-----------------~ 

e d i t  flag i n  the batch header record.  
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I c .  If t h e  DCE is a c t i v e  (and the  batch has no t  been e d i t e d )  a work request  f o r  
the DCE s h a l l  be queued, a message sha l l  be s e n t  t o  the u s e r ,  and c o n t r o l  
r e tu rned  t o  the system. 

I 
I I 

L- -_ , - - -__ , -_______- - - - - - - - - - - - - - - - -~  
r--------------- 

-- L--------- - - - - - -  
d.  Otherwise ( t h e  batch has been ed i t ed ,  lor the DCE is not a c t i v e  for t h i s  

l i n k 3 ,  a BB s o l u t i o n  I D  sha l l  be a s s igned ,  the c o n t r o l  parameters and MED's --- 
s h a l l  be captured,  and the OD funct ion called t o  perform the  OD. 

The process  s h a l l  then continue through the same OD and EDIT l o g i c  descr ibed i n  
s e c t i o n  9.2.2.1 , BB MANUAL, EXECUTE. 

9.2.3 - BB ACCEPT 

The purpose of t he  BB ACCEPT e n t r y  is t o  approve the r e s u l t s  of  the batch j u s t  
processed by the BB func t ion .  When t h e  BB ACCEPT e n t r y  is requested by the use r  
f o r  a s p e c i f i c  DC l i n k ,  the ODE sha l l  

a .  

b .  

C .  

d .  

e .  

f .  

Test the s t a t u s  o f  the BB dec i s ion  wai t ing f l a g  f o r  t h a t  l i n k .  If it is not 
OYES",  a message is s e n t  t o  t h e  u s e r ,  and con t ro l  is returned t o  the system. 

Otherwise, store the cu r ren t  r e s u l t s  i n t o  the BBHT. 

Change the i n i t i a l  state vec to r  l o c a t i o n  i n d i c a t o r  i n  t h e  BB c o n t r o l  table 
t o  po in t  t o  t h e  most r ecen t  h i s t o r y '  t a b l e  en t ry .  

If the  SS4 opt ion has been requested by the u s e r ,  change the i n i t i a l  covari-  
ance matr ix  l o c a t i o n  i n d i c a t o r  i n  the BB c o n t r o l  t ab le  t o  po in t  t o  the most 
r ecen t  h i s t o r y  table e n t r y .  

Set t h e  BB dec i s ion  wai t ing f l a g  t o  rlNO" (=O). 

I s sue  a work request  f o r  t he  BB on t h i s  l i n k ,  and r e t u r n  con t ro l  t o  the  
system. 

9.2.4 BB REJECT 

The purpose of t h i s  e n t r y  i n t o  the ODE is not  only t o  re jec t  the r e s u l t s  o f  a 
batch j u s t  processed,  but  t o  reject the  data batch t h a t  caused t h e  r e s u l t s .  
When the BB REJECT e n t r y  is requested by t h e  u s e r  f o r  a s p e c i f i c  DC l i n k ,  t he  
ODE l o g i c  sha l l  

a .  Test the  s t a t u s  o f  the BB dec i s ion  wai t ing f l a g  f o r  t h a t  l i n k .  If it is not 
I 'YES" ,  a message s h a l l  be s e n t  t o  t he  u s e r ,  and c o n t r o l  sha l l  be returned t o  
the system. 

b .  Call t h e  DFCP wi th  the  cu r ren t  batch I D  and delete t h e  batch from the  VDT. 

c . Flag the cu r ren t  s o l u t i o n  as rejected.  

d .  I s sue  a work request  t o  t h e  BB queue f o r  t h i s  DC l i n k .  
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e .  Se t  t he  BB dec is ion  wai t ing flag t o  rrNOrc (=O), and r e tu rn  con t ro l  t o  the  
system. 

9.2.5 BB RECHAIN 

The BB RECHAIN en t ry  i n t o  the  ODE is a s p e c i a l  en t ry  t h a t  provides  the use r  w i t h  
t h e  c a p a b i l i t y  t o  restart  t h e  BB func t ion  and, i f  so d e s i r e d ,  restart a t  a d i f -  
f e r e n t  da t a  batch.  When t h e  BB RECHAIN en t ry  is requested by the use r  f o r  a spe- 
c i f i c  DC l i n k ,  the ODE l o g i c  s h a l l  

a .  U t i l i z e  the DFCP t o  l o c a t e  the user -spec i f ied  batch. If the requested data 
batch does not e x i s t  i n  t h e  VDT, an e r r o r  message shall  be sen t  t o  t h e  user  
and con t ro l  s h a l l  be returned t o  the system. 

b.  Search the  BBHT f o r  t h i s  l i n k  t o  f ind  the data batch immediately preceding 
the rechain ba tch .  If there are no batches i n  t h e  BBHT preceding t h e  
recha in  b a t c h ,  t h e  ODE l o g i c  s h a l l  t u rn  o f f  the BB dec is ion  wai t ing f l a g ,  go 
t o  the  BB I N I T I L I Z E  func t ion  and proceed from there. If the da ta  batch pre-  
ceding the  rechain batch is found, t he  ODE sha l l  set  the BBHT po in te r  t o  the  
end of that  ba tch .  The source of the input  state vector  sha l l  be set t o  t h e  
en t ry  i n  t h e  BBHT preceding the recha in  batch. 

c. If a new input  covariance matr ix  is desired,  the loca t ion  of t h a t  matr ix  
sha l l  a l s o  be moved i n t o  the BB c o n t r o l  table .  

d .  Reset t h e  BBHT t o  remove so lu t ions  t h a t  fol low the rechained batch.  

e .  I ssue  a work reques t  t o  the  BB queue f o r  t h i s  DC l i n k ,  and r e tu rn  con t ro l  t o  
the system. 

9 . 2 . 6  BB FORCE 

The purpose of the  BB FORCE ent ry  is t o  fo rce  one add i t iona l  i t e r a t i o n  i n  t h e  
CP. No a d d i t i o n a l  e d i t i n g  s h a l l  be executed by the  BB FORCE. 

When the  BB FORCE ent ry  is requested by the use r  f o r  a specif ic  DC l i n k ,  the  ODE 
l o g i c  s h a l l  

a .  Test  the s ta tus  of t he  BB decis ion wai t ing f l a g  f o r  t h a t  l i n k .  If it is not  
"YES", a message is s e n t  t o  the user and c o n t r o l  is returned t o  the  system. 

b .  D i rec t ly  en te r  the OD func t ion  t h a t ,  i n  t u r n ,  s h a l l  re load its e x i t  values  
and execute  one a d d i t i o n a l  i t e r a t i o n .  

c. Place a request  i n  the  system queue f o r  a d i sp lay  of the r e s u l t s .  

d .  Return c o n t r o l  t o  the  system. 
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9.3 SB FUNCTION 

The purpose of the  SB funct ion  s h a l l  be t o  provide the ODE l o g i c ,  which c o n t r o l s  
the low-speed OD using mul t ip le  ( 1  t o  50) batches of  navigat ion t racking  data as 
a s ing le  data s e t ,  with a va r i ab le  so lu t ion  vec tor .  There s h a l l  be no automatic 

mode. I n i t i a t i o n  of each execut ion,  and the opera t ing  parameters f o r  the execu- 
t i o n ,  shall  be manually con t ro l l ed  by the  u s e r .  The use r  sha l l  have the a b i l i t y  
t o  save the  r e s u l t s  of an S B  so lu t ion  i n  the SBHT ( s e c .  
sha l l  i n i t i a t e  the a c t i v i t y  manually. 

\ sequencing through sets of  data o r  automatic s torage  o f  so lu t ions  from the SB 

14.0), bu t  the use r  

The user sha l l  have the following manual con t ro l s  f o r  t h e  SB mode. 

a .  ACCEPT - s t o r e  the  cu r ren t  r e s u l t s  i n  the SBHT 

b .  FORCE - cause an add i t iona l  i t e r a t i o n  

c .  EXECUTE - i n i t i a t e  a new OD based on the cu r ren t  con t ro l  parameters 

Another f e a t u r e  of t he  SB mode of t h e  ODE s h a l l  be the capab i l i t y  t o  use the 
time of either the  first or the l a s t  v a l i d  observat ion of  the data set  as the  
output time f o r  the f i n a l  r e s u l t s .  The ODE always produces the so lu t ion  a t  the  
time of the first v a l i d  observat ion of t h e  data set .  The SB mode sha l l ,  how- 
ever ,  provide the c a p a b i l i t y  t o  propagate the r e s u l t s  (a  p r i o r i  state vec to r ,  
ou tpu t ,  and covariance)  t o  t h e  time of the last v a l i d  observat ion of  the data 
set .  This propagated so lu t ion  s h a l l  then be s tored  i n  the  SBHT upon r e c e i p t  o f  
the SB ACCEPT command. 

9.3.1 SB EXECUTE 

The purpose of the SB EXECUTE en t ry  t o  the  ODE s h a l l  be the i n i t i a t i o n  and con- 
t r o l  of an OD, based on mul t ip le  batches o f  ground-based navigat ion t r ack ing  
data as a s i n g l e  data se t ,  and using a v a r i a b l e  length so lu t ion  vec to r .  The f o l -  
lowing is a general  o u t l i n e  of the requi red  func t ions  of  the  SB. 

a .  

b.  

C .  

d .  

e .  

Check inpu t  con t ro l s  and i n i t i a l i z e  the c o n t r o l  t ab le .  

Se t  the temporary covariance f l a g  i f  the temporary covariance over r ide  
submode is requested.  

If the first and l a s t  ba tch  I D ' S  a r e  proper ly  i n p u t ,  proceed with t he  SB 
l o g i c ;  o therwise ,  send a message t o  the  user  and r e t u r n  con t ro l  t o  the 
system. 

Use the  DFCP t o  loca t e  the  batches requested and t o  determine data needed 
f o r  execut ion (sec. 9 .3 .1 .2) .  

If any of t h e  following e r r o r s  are detected,  set  an appropr ia te  e r r o r  mes- 
sage and r e tu rn  t o  the system. 
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( 1  DFCP e r r o r s  

(2) Any two vent time i n t e r v a l s  i n  the so lu t ion  vector  overlap 

f .  Assign an I D  f o r  t h i s  SB s o l u t i o n .  

g .  Use the OD func t ion  t o  perform the  OD as def lned .  

h .  If the user  requested the  time of  t h e  last  v a l i d  observat ion of  the data set  
(tQ) as output time 

( 1 )  Obtain t h e  state t r a n s i t i o n  matrix from anchor time t o  output  time from 
the CP. 

( 2 )  Save the cu r ren t  es t imate  of  the  s t a t e  vec tor  ( a t  time of first 
observa t ion)  

( 3 )  

( 4 )  

Set t h e  cu r ren t  so lu t ion  equal  t o  the s ta te  vec tor  a t  

Use the  FFP t o  propagate the a p r i o r i  s ta te  vector  t o  t g  and s t o r e  as 
t h e  a p r i o r i  s ta te  vec tor  

t i  

(5 )  Use the CMP t o  propagate the  I1fit-worldtf covariance matrix t o  tQ. 

i. Compute desired parameters f o r  d i sp lay .  

j .  Return con t ro l  t o  the system. 

The following sec t ions  g ive  f u r t h e r  details  t o  the SB mode requirements.  

9.3.1 . I  SB I n i t i a l i z a t i o n  Ver i f i ca t ion  

The SBCT (sec. 14.0) f o r  the spec i f i ed  DC l i n k  sha l l  be used t o  i n i t i a l i z e  the 
parameters required f o r  the OD. The following tests sha l l  be performed p r i o r  t o  
proceeding w i t h  any f u r t h e r  processing.  

a .  Has t h e  DC l i nk  been i n i t i a l i z e d ?  

b .  Has a state vector  source been i d e n t i f i e d  f o r  the input  state vec tor?  

c .  Has an input  covariance matrix/mode (sec.  7.0) been i d e n t i f i e d ?  

I f  the answer t o  any of  t h e  above ques t ions  is no, the ODE sha l l  terminate  fur- 
ther  process ing ,  d i sp l ay  the appropr ia te  e r r o r  message, and re turn  con t ro l  t o  
the system. 

9.3.1.2 SB Data S e t  

The data set  f o r  the SB processing s h a l l  be defined as the  s t r i n g  of consecut ive 
batches of low-speed navigat ion t racking  data,  which have not been e x p l i c i t l y  
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excluded, s t a r t i n g  wi th  t he  user -spec i f ied  first batch and ending with the 
user -spec i f ied  las t  batch.  The exc lus ions  are indica ted  by the  SB format exclu- 
s ion  f lags  i n  the VDT header (sec. 4.1 .1) and the  SB exclusion flag i n  the  data 
batch header record ( s e c .  4.2.1). If e i ther  the first or last  data batch is 
missing from the VDT, o r  i f  e i ther  one is excluded from SB s o l u t i o n s ,  an e r r o r  
message s h a l l  be set ,  and cont ro l  re turned t o  the system. Another fa ta l  e r r o r  
s h a l l  be the  occurence of nonzero delta-V maneuvers defined i n  the MPT during 
the time i n t e r v a l  spanned by t h e  data set .  If t h i s  occurs ,  an e r r o r  message 
s h a l l  be set  and c o n t r o l  re turned t o  the  system. 

The ODE r equ i r e s  t h e  following information concerning t h e  data set .  

a .  For t h e  ODE processing 
I 

( 1 )  Time of the first va l id  observat ion i n  the data set  (ba tch  time of  
first data batch) 

(2 )  Time of the l a s t  va l id  observat ion i n  t h e  data set  

( 3 )  L i s t  of a l l  t racking  and data r e l ay  s a t e l l i t e  (TDRS) I D ' S  found i n  the 
da ta  set  

( 4 )  Number of data batches i n  the  data set  

(5 )  L i s t  of data ba tch  I D ' S  f o r  the .da ta  set  

b .  To be t ransmi t ted  t o  the  d i f f e r e n t i a l  co r rec t ion  module ( v i a  OD and CP) 

( 1 )  Number of data batches i n  the .data set  

(2) L i s t  of data batch I D ' S  i n  t h e  data set 

( 3 )  L i s t  o f  batch t imes f o r  t h e  da ta  set 

( 4 )  Time of the  first and last  v a l i d  observat ions f o r  the data set  

c .  For d i sp l ay  

( 1 )  L i s t  of batches excluded from data set because of t racking  type 
exc lus ion  

( 2 )  L i s t  o f  batches excluded from data  set because of batch header record 
exclusion flag 

9.3.1.3 SB Solu t ion  Vector/A P r i o r i  State Vector 

MED inpu t s  sha l l  def ine  the conten ts  of t he  SB mode so lu t ion  vec tor .  The solu-  
t i o n  vec tor  s h a l l  be constructed as def ined i n  sec t ion  5.0.  The SB mode sha l l  
a l low 6 t o  15 elements i n  the so lu t ion  vec tor .  Six elements of Cartesian mean 
Of 1950 pos i t i on  and ve loc i ty  sha l l  always be p re sen t .  
ments are any allowed combination of t h e  dynamic parameters and data  b i a s e s .  

The remaining nine ele- 
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The user  sha l l  spec i fy  (by MED) an input  state vec tor  I D  and a p r i o r i  va lues  f o r  
so lu t ion  vec tor  elements o ther  than pos i t i on  and ve loc i ty .  These data  s h a l l  be 
used t o  cons t ruc t  the  a p r i o r i  state vector  as described i n  sec t ion  6.0.  

9.3.2 EB ACCEPT 

The SB ACCEPT en t ry  i n  the  ODE sha l l  provide the  use r  with the c a p a b i l i t y  t o  
s t o r e  the r e s u l t s  of the cu r ren t  SB so lu t ion  f o r  the i d e n t i f i e d  DC l i n k  i n t o  the  
appropr ia te  SBH", 

If the  SB dec is ion  wai t ing flag is not set t o  trYEStf, an e r r o r  message sha l l  be 
s e n t  t o  the u s e r ,  and c o n t r o l  re turned t o  the  system. Otherwise, the  s o l u t i o n  
s h a l l  be s to red  i n  t h e  SBHT, the  SB decis ion wai t ing flag be set t o  and 
c o n t r o l  re turned t o  the systteq. 

Sect ion 14.0 defines the parameters requi red  for  the SBHT. 

9.3.3 SB FORCE 

The purpose o f  the SB FORCE en t ry  i g r  t o  force  an a d d i t i o n a l  i t e r a t i o n  i n  the CP 
called by the  OD. No change i n  the  da t a  set nor t h e  SB con t ro l  parameters s h a l l  
occur .  When the  SB FORCE e n t r y  is requested by the use r  f o r  a s p e c i f i c  DC l i n k ,  
the  SB l o g i c  s h a l l  

a .  

b .  

C .  

d .  

e .  

Test the  SB dec is ion  wai t ing flag and r e t u r n  t o  the  system wi th  the appropri-  
ate e r r o r  messae i f  the flag is not set t o  f 'YEStf .  

If the requested output  time is tha t  of  t he  last v a l i d  data p o i n t ,  r e s t o r e  
the cu r ren t  estimate of the s ta te  vector  and the  anchor time t o  the va lues  
a t  the time of t h e  first v a l i d  observat ion of  the  data set .  

Use the OD func t ion  t o  perform one a d d i t i o n a l  pass  through the  OD 
procedures .  

If no e r r o r s  are encountered, and the requested output  is the time of  the 
l a s t  v a l i d  observa t ion ,  save the  cu r ren t  estimate of  the  s t a t e  vec tor  ( a t  
first observat ion time) and stare the state vector  and covariance a t  the 
l a s t  observat ion time i n t o  t h e  cu r ren t  so lu t ion  region of t h e  con t ro l  table .  

Compute d i sp lay  parameters and r e tu rn  con t ro l  t o  the system. 

10 .O OD FUNCTION - 
The OD func t ion  c o n s i s t s  of t h a t  l o g i c  sequence which is common t o  t h e  three DC 
modes. 
and t o  use the  FFP, CMP, CP, DFCP, and RCP t o  accomplish the a c t u a l  OD. 

The purpose of  the OD is t o  v e r i f y  t h a t  the so lu t ion  has been defined 

If the  reques t ing  command is a IfFORCEq1 or i f  the  CP flag is tfYEStt ( i n d i c a t i n g  a 
p o s t e d i t  cal l  t o  the CP) ,  or the e d i t  loop counter is not equal t o  ze ro ,  t he  
l o g i c  s h a l l  be routed d i r e c t l y  t o  t he  CP; o therwise ,  t he  following t e s t s  shall 
be performed. 
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a .  Is t h e  input  s ta te  vector  I D  d e f i n e d ?  

b .  Is the input  covariance matr ix  I D  and/or mode def ined? 

C .  Have the  so lu t ion  vec tor  s i z e  and conten ts  been def ined? 

If the answer t o  any of these tests is rcNOcq, an e r r o r  mode flag sha l l  be se t ,  
and c o n t r o l  re turned t o  the  request ing func t ion;  otherwise,  processing s h a l l  con- 
t inue  with the fol lowing.  

a .  

b .  

C .  

d .  

e .  

f .  

g .  

h .  

Locate input  s ta te  vec tor  and time f o r  the  t a r g e t  veh ic l e  and move it t o  the  
con t ro l  table.  

Add a user -spec i f ied  increment of semimajor a x i s  t o  t h e  state vector  (sec . 
6.3.11, and test  the magnitude of the  pos i t i on  vec tor  f o r  v a l i d i t y .  If in -  
v a l i d ,  set t h e  appropr ia te  e r r o r  mode flag and message, and r e tu rn  con t ro l  
t o  the reques t ing  func t ion .  The semimajor a x i s  increment is set t o  z e r o  
a f t e r  use. 

If the input  state vec tor  conta ins  vent  or  drag m u l t i p l i e r  information,  i t  
s h a l l  be t ransmi t ted  t o  the FFP. If e i ther  type of  dynamic parameters is 
a v a i l a b l e ,  b u t  the i n t e g r a t o r  op t ions  are not s e t  t o  use the information,  
the OD s h a l l  send a warning message t o  t h e  user  and continue processing 
using the spec i f i ed  i n t e g r a t o r  op t ions .  

I f '  t h e  s ta te  vec tor  re ference  time is not equal  t o  the d e s i r e d  anchor time, 
use t h e  FFP t o  move the state vector  from its reference  time t o  the  anchor 
time using t h e  spec i f i ed  force  model op t ions .  If an in t eg ra t ion  e r r o r  
occurs ,  a desc r ip t ive  flag sha l l  be returned t o  the request ing func t ions  
c o n t r o l  re turned t o  the system. 

and 

If t h e  a p r i o r i  state vector  is t o  contain more than s i x  elements,  t h e  
remaining elements s h a l l  be f i l l e d  from the input  por t ion  of  the  con t ro l  
table.  

A tes t  s h a l l  be performed t o  determine which, i f  any, TDRS ephemerides are 
required.  If any a r e  needed t h a t  do not e x i s t ,  t h e  FFP s h a l l  be invoked t o  
genera te  them. A minimum of nine p o i n t s ,  spaced a t  a maximum i n t e r v a l  of  
one beta s t e p ,  where a beta s t e p  equa l s  0.0625 ER- ' l2 ,  are required f o r  i n -  
t e r p o l a t i o n .  
s e t ,  and con t ro l  re turned t o  the  system. 

I f  an i n t e g r a t i o n  e r r o r  occurs ,  the appropr ia te  flags sha l l  be 

If the temporary covariance f l a g  is set  t o  1 ,  use the  temporary covariance 
s p e c i f i e d ;  otherwise,  use the covariance spec i f i ed  by the  SBCT. 

If the  use of an a p r i o r i  covariance matr ix  has been spec i f i ed  (opt ions  SS2, 
SS3, SS4, or  C M i )  , the  matrix s h a l l  be loca ted .  The CMP s h a l l  then be used  
t o  t ransform the s ta te  por t ion  of the mat r ix ,  propagate t h a t  por t ion  t o  the 
anchor t ime, and f i l l  i n  the remainder ( i f  any) of the covariance mat r ix .  It 
s h a l l  then be moved i n t o  the con t ro l  table .  The matr ix  s h a l l  be mul t ip l ied  
by the f a c t o r  Kn (where n is t h e  number of times t h e  KGAMMA PBI was 
depressed) ,  i nve r t ed ,  and the r e s u l t  s tored  i n  the  appropr ia te  con t ro l  
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i. 

j. 

k .  

1. 

m. 

n .  

0. 

t ab le .  The method u t i l i z e d  t o  i n v e r t  t h e  covariance matrix sha l l  compensate 
f o r  i l l - cond i t ion ing  and sha l l  t reat  zero-diagonal elements as s ign i fy ing  no 
information rather than pe r fec t  information.  I f ,  however, the SS1 opt ion 
was spec i f i ed  by the u s e r ,  then both the s l o t  f o r  the  covariance matr ix  and 
t h e  s l o t  f o r  i ts inverse  i n  the  c o n t r o l  table  sha l l  be zeroed ou t .  Any 
e r r o r s  encountered i n  covariance matr ix  manipulation s h a l l  cause a message 
t o  be s e n t  t o  t h e  user and c o n t r o l  t o  be returned t o  the  request ing 
func t ion .  

The CP s h a l l  be used t o  obta in  an updated es t imate  f o r  the state vec to r .  If 
the OD has been invoked f o r  the first pass  of  an e d i t  run,  t h e  CP s h a l l  be  
omit ted.  An e r r o r  r e tu rn  from the CP s h a l l  cause the r e tu rn  of c o n t r o l  t o  
the system. 

U s i n g  t h e  cu r ren t  estimate of the state vector a t  anchor time ( inc luding  dy- 
namic parameters) ,  use  the FFP t o  generate a ta rge t -vehic le  ephemeris t h a t  
spans the  time i n t e r v a l  for  t h e  e n t i r e  data set. The s ta te  vector  a t  the 
time of the l a s t  observat ion sha l l  then be s tored  i n  the cont ro l  table. An 
e r r o r  i n  i n t e g r a t i o n  sha l l  cause the  appropr ia te  e r r o r  mode t o  be s e t ,  and 
con t ro l  re turned t o  the c’allirig func t ion .  

The s t a t i s t i c s  of  observat ions processed f o r  each observat ion type s h a l l  be 
i n i t i a l i z e d  t o  ze ro .  

If t h e  first batch of  data is not  a v a i l a b l e ,  the  DFCP sha l l  be c a l l e d  t o  re- 
t r i e v e  it f o r  use by the RCP. Every succeeding batch required i n  the solu- 
t i o n  sha l l  be r e t r i eved  by the DFCP. 

The RCP s h a l l  be used t o  compute r e s i d u a l s  and assoc ia ted  s ta t is t ics  f o r  
each batch of data ,  and the t o t a l  number of observa t ions  f o r  each data type 
sha l l  be accumulated. 

If t h e  t o t a l  number of observa t ions  used is equal  t o  ze ro ,  an e r r o r  code and 
message s h a l l  be set f o r  r e tu rn  t o  the calling funct ion .  

Control s h a l l  then be passed back t o  the  request ing f’unction. 

11 .O EDIT FUNCTION 

The EDIT func t ion  s h a l l  provide c o n t r o l  of  t he  data e d i t i n g  f o r  the OD process .  
EDIT s h a l l  use the DEP t o  i d e n t i f y  and e d i t  ob’servation data whose r e s idua l s  l i e  
outs ide  the gene ra l  p a t t e r n  of  t h e  data r e s i d u a l s .  DFCP sha l l  be used t o  s t o r e  
the data batch,  i n  its f i n a l  e d i t e d  status, i n t o  the  VDT. 

11 . I  DETAILED EDIT FUNCTION REQUIREMENTS 

In the e d i t i n g  procedure,  residuals sha l l  be computed i n  the  OD func t ion  ( s e c .  
10.0) and passed along with the  data batch t o  the EDIT func t ion  f o r  processing 
by the DEP. The following sha l l  be performed: 
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a .  Use the  DEP t o  perform the a c t u a l  e d i t .  

( 1 )  If an e d i t  problem is encountered i n  the DEP, EDIT s h a l l  set  an appro- 
p r i a t e  e r r o r  mode, message flags, and se tup  t o  terminate  t he  e d i t i n g  
process .  

b .  Control the number of  e d i t  loops.  

If the DEP changed t h e  e d i t  status of' a t  least  one poin t  i n  the data 
ba t ch ,  and t h e  user -spec i f ied  maximum number of e d i t  loops has not been 
performed, con t ro l  s h a l l  be returned t o  t h e  reques t ing  func t ion  f o r  an 
a d d i t i o n a l  e d i t  loop. 

If the maximum number of e d i t  loops has been performed, an appropr ia te  
e r r o r  mode and message s h a l l  be s e t i  and c o n t r o l  s h a l l  be returned t o  
the request ing func t ion  f o r  a f i n a l  pass  through the  OD. 

If t h e  DEP d i d  not change the  e d i t  s t a t u s  of  any poin ts  i n  the batch,  
and more than one pass through the e d i t  loop has been performed, the 
e d i t  process  is terminated.  If t h i s  is the first e d i t  loop, c o n t r o l  
s h a l l  be returned t o  the  reques t ing  func t ion  f o r  a f i n a l  pass  through 
the  OD. 

c .  Ensure t h a t  the f i n a l  OD is based on t h e  data batch i n  its f i n a l  ed i t ed  
s t a tus .  

d .  Use the DFCP t o  write the data batch,  i n  its f i n a l  ed i ted  s t a t u s ,  i n t o  t h e  
VDT . 
( 1 )  Set the  e d i t  i nd ica to r  i n  the batch header record.  

(2 )  Sto re  t h e  number of ed i ted  p o i n t s  and an lfEDITED1l f l a g  i n t o  the batch 
header record.  

12.0 DISPLAY COMPUTATIONS 

The ODE sha l l  compute parameters t o  be displayed as an a i d  t o  the  use r  evalua- 
t i o n  of  the  converged ( f i n a l  es t imate)  state vec tor  and its consis tency with the  
low-speed navigat ion t racking  data. 

12.1 STATE VECTOR 

Certain parameters s h a l l  be computed from the f i n a l  estimate of the  s t a t e  vec tor  
( a t  output  time). 
the c l a s s i c a l  o r b i t a l  e lements ,  apogee and per igee he igh t ,  and t h e i r  changes 
from the  a p r i o r i .  The computations are discussed i n  volume X I V .  

These include the magnitudes of  t h e  pos i t i on  and v e l o c i t y ,  
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12.2 DATA STATISTICS 

The ODE s h a l l  use the r e s idua l  computations processor  (RCP)  and batch header re- 
cord information t o  compute the  observat ion r e s i d u a l  s ta t is t ics  f o r  each observa- 
t i on  ( ang le  1 ,  angle 2 ,  range, and Doppler). The RCP s h a l l  compute the  mean 
(PI, the  s tandard devia t ion  (01, and sha l l  count t he  number of  accepted data  
po in t s  n of each observat ion type f o r  one batch a t  a time. The t o t a l  number 
of each observat ion and the number of  ed i t ed  observat ions s h a l l  be ava i l ab le  
from the batch header record.  Therefore ,  a l l  ODE c a l c u l a t i o n s  s h a l l  be t r i v i a l  
for  s i n g l e  batch s o l u t i o n s .  

f i' 

SB s o h  t i o n s  s h a l l  r equ i r e  t h a t  s ta t is t ics  be accumulated across  seve ra l  batches 
for  each observat ion type.  Using the  s u b s c r i p t  rfifl t o  denote the  result from an 
ind iv idua l  ba tch ,  compute 

N = Eni t o t a l  number of an observat ion type accepted 
i 

1 
1-I = - C n 4 &  mean of an observat ion type  

I I  

N i  
1 
i 

Where (RMS)i 
observat ion type i n  batch rfi.rf 

is the  root  mean square 

1 /2 
standard devia t ion  of an 

observat ion type 

from the RCP of  the  r e s idua l s  f o r  a given 

The t o t a l  number of v a l i d  observa t ions  and ed i ted  observat ions s h a l l  be 
accumulated f o r  each observat ion type.  The t o t a l  number of  each observat ion 
type excluded s h a l l  be computed by sub t r ac t ing  the  number accepted from the  
t o t a l  number of  va l id  observa t ions .  

13 .O SOLUTION CONTROL TABLES 

A so lu t ion  con t ro l  t a b l e  is maintained f o r  each ODE mode (BB, SB, rand L-- DC2) in  
each of the  s i x  poss ib l e  DC l i n k s  (ORB 1 ,  2, 3 ,  PAY 1 ,  2, 3) .  The contents  of 
each of  the  18 t a b l e s  is as follows: 

- 
r-- 1 

a .  DC L I N K  I D  - i d e n t i f i e s  which DC l i n k  is assoc ia ted  with the t a b l e  

b. 
- - -1 

OD MODE I D  - i d e n t i f i e s  t he  ODE mode (BB, SB, [p_rJCJl) f o r  which the t a b l e  
a p p l i e s  

c .  OD a c t i v a t i o n  I D  - i n d i c a t e s  i f  the mode i n  ( b )  is f fac t iva ted"  or 
"deact ivatedff  
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d .  Decision wai t ing flag - i n d i c a t e s  t h a t  a use r  dec i s ion  is required t o  e i ther  
accept  o r  reject the  cu r ren t  s o l u t i o n .  

e .  So lu t ion  request  flag - i n d i c a t e s  how ODE was queued t o  perform a s o l u t i o n .  
The poss ib l e  values  of  t h i s  f l a g  are: execute ,  r echa in ,  BB i n i t i a l ,  DCE i n i -  
t i a l ,  accep t ,  re ject ,  or fo rce .  

f .  Data set s p e c i f i c a t i o n  - a l l  information required t o  de f ine  t h e  data set t o  
be processed 

( 1  ) I n i t i a l  ba tch  I D  
(2 )  F i n a l  batch I D  
( 3 )  Batch and format exclusion flags ( f o r  d i s p l a y )  
( 4 )  Measurement-type exclusion flags 
(5 )  Start time of  data arc 
(6) Stop time of  data arc 

g. So lu t ion  vector  I D  - information t h a t  def ines  each element of  the s o l u t i o n  
vec to r  

(1 )  Vent ( I )  - I = 1 ,  2 ,  3 

( a )  S ta r t  time f o r  vent (1) 
( b )  Stop time f o r  vent ( I )  
( c >  Force components f o r  vent ( I ) ,  body axes 
( d )  Solut ion vector  f l a g  f o r  ven t  ( I )  

(2 )  Drag m u l t i p l i e r  

( a )  Value of  drag m u l t i p l i e r  
( b )  
( c )  Solut ion vec to r  f l a g  

Constant area or at t i tude-dependent  opt ion 

(3) Bias (I) - I = 1 , .  . . ,9 ( I  = 1-3 are two-way/three-way and I = 4-9 are 
hybr id ) .  For each I ,  the fol lowing are included: s o l u t i o n  vector  f lag 
and bias value 

h .  Input s t a t e  I D  - i d e n t i f i e s  the inpu t  M50 Cartesian s ta te  

i. Output time - epoch of  t h e  des i r ed  s o l u t i o n  s ta te ,  and an i n d i c a t o r  
spec i fy ing  whether t h i s  epoch is the s ta r t  time or s t o p  time of  the da t a  
arc.  

j .  A p r i o r i  covariance - a l l  data required t o  i d e n t i f y  t h e  a p r i o r i  covariance 
matr ix  

(1 )  Covariance mode (SSI , SS2, SS3, SS4, or  CMI -4) 
(2 )  Covariance I D  ( i f  SS4) 
( 3 )  Parameter elements I D  (none, BCOV, o r  SnCOV) 
( 4 )  Covariance m u l t i p l i e r  information 

K = value of  KGAMMA m u l t i p l i e r  
n = number of  times t h e  KGAMMA PBI is depressed p r i o r  t o  s o l u t i o n  
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k. Solve mode = flag t h a t  has the value 

( 1 )  6 = so lu t ion  vec tor  (M50 Cartesian state only)  
(2 )  9 = so lu t ion  vec tor  (M50 Car tes ian  s ta te  .+ vent  (1 ) )  
( 3 )  -1 = so lu t ion  vec tor  (M50 Car tes ian  s ta te  + elements i d e n t i f i e d  i n  

"so lu t ion  vec tor  I D " )  

1. TDRS vec tor  I D ' S  - for  each TDRS ( E ,  S, W) 

m. E d i t  f l a g  - i n d i c a t e s  whether o r  not the automatic e d i t i n g  func t ion  is 
used  i n  t h e  BB mode 

n .  Minimum e l e v a t i o n / a l t i t u d e  - three test-limit parameters 

(1 ) M I N E  = minimum allowed e l eva t ion  f o r  ground-direct  measurements 
(2 )  RMNEL = minimum allowed e l eva t ion  for ground-to-TDRS RF l i n k  
(3 )  MINCA = minimum allowed a l t i t u d e  f o r  vehicle-to-TDRS RF l i n k  

0. In t eg ra t ion  opt ions - flags t h a t  i nd ica t e  the  following: 

( 1 )  M = include burns from MPT 
(2 )  V = include vents  
(3)  A or D = inc lude  " a t t i t u d e  dependent" or  "constant  area" drag 

p .  ODP c o n t r o l  parameters - Control parameter values  

(1) JMAX = maximum number of i t e r a t i o n s  
(2 )  Maximum e d i t  loops 
(3) F A X  = maximum divergent  i t e r a t i o n s  
( 4 )  E = convergence t e s t  parameters 

( a )  CR - pos i t i on  elements 
( b )  CVEL - v e l o c i t y  elements 
( c )  CVENT - vent fo rce  components 
( d )  CDRAG - drag m u l t i p l i e r  
(e )  DBIAS - Doppler biases 

( 5 )  Maximum allowed changes for  each of the above. These a r e  used i n  DCE 
t e s t  only.  

q. DELTA A - semimajor a x i s  increment t o  be added t o  input  s t a t e  

r .  CURRENT SOLUTION information - input /output  data t h a t  completely summarizes 
the OD s o l u t i o n  

( 1 )  Solu t ion  I D  
( 2 )  Input  vector  - M50 Car tes ian  s t a t e  and epoch tha t  is t o  be propagated 

t o  anchor time 
( 3 )  Input  covariance I D  
( 4 )  A p r i o r i  vector  
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( a )  Time 
(b )  M50 Car tes ian  s ta te  
( c )  Vent force  components and s t a r t l s t o p  times 
( d )  Drag m u l t i p l i e r  
( e )  Measurement biases 

(g) 
( f )  Type I D  

Forward and r e tu rn  r e l ay  I D  

( 5 )  A p r i o r i  covariance - up t o  15x15 matrix a t  anchor time 
( 6 )  
(7)  
(8) Output so lu t ion  covariance 
(9) Other input  information 

KGAMMA degraded a p r i o r i  covariance - above matr ix  mul t ip l ied  by Kn 
Output so lu t ion  vec tor  (conten t  format same as a p r i o r i  vec tor )  

( a )  Data f i l e  

I n i t i a l  ba tch  I D  
F i n a l  batch I D  
Tracking-type exclusion flags ( C-band , S-band, and r e l a y )  
Batch exclusion flags (and exclusion type)  
Data biases - appl ied t o  a l l  data types  i n  spec i f i ed  batch 
S t a r t  time of  data a r c  
Stop time of  data  arc 
Length of data arc (T,top - TStar t )  

(b) Input vec tor  

( i )  Vector I D  
(ii) Delta A 
(iii) TDRS vec tor  I D  

( c )  Input covariance 

( i)  Matrix I D  ( f o r  6x6 p a r t i t i o n )  
(ii) Parameter elements I D  (BCOV, SnCOV) 
(iii) K = KGAMMA m u l t i p l i e r  
( i v )  n number of app l i ca t ions  of  KGAMMA PBI 

( IO) Other output  information 

( a )  Residual s ta t i s t ics  ( a l l  data types)  

( i )  Number of v a l i d  data po in t s  ( to t a l . )  
( i i)  Number of ed i ted  po in t s  
(iii) Number of excluded (unedi ted)  po in t s  
( i v )  
( V I  Mean of accepted residuals 
( v i )  Standard deviat ion of accepted residuals 

Number of accepted p o i n t s  ( n e t )  

( b )  Useful output  vector  elements 
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( i Pos i t ion  magnitude 
(ii) I n e r t i a l  ve loc i ty  magnitude 
(iii) Classical elements 

( c )  Number of i t e r a t i o n s  through DCM 

( d )  Number of e d i t  i t e r a t i o n s  through DEP 

14 .O 

Three DC h i s t o r y  tables are maintained f o r  each veh ic l e  (DC l i n k ) .  
contain up t o  50 e n t r i e s .  
modes. The tables are ca l l ed :  BEHT, SBHT, andpCEHT The contents  of each of  
these t a b l e s  are as follows: 

DC HISTORY TABLES - 

These tables 
The th ree  classes of tables correspond t o  the  ODE 

a .  Header record 

( 1 )  Vehicle I D  (DC L I N K  I D )  

( 2 )  ODE mode (BB, SB,DZI) 
b .  Records (up t o  50) containing DC s o l u t i o n  data 

( 1 )  So lu t ion  I D  

( 2 )  Input  vec tor  

( a )  tE = epoch 

(b )  XE = M50 Cartesian s ta te  a t  t E  
-b 

( 3 1 Input  covariance 

( a )  C ( t E )  = 6x6 M50 Cartesian element covariance 

( 4 )  A p r i o r i  vector  

(a )  t A  = anchor time 

( b )  XA = M50 Car tes ian  s t a t e  a t  t A  

( c )  

-b 

F ( J )  = components ( v e h i c l e  body coord ina tes )  of  J-th vent fo rce  CY = 1 ,  2 ,  3) 

( d )  

( e )  kD = drag m u l t i p l i e r  

( f )  

Ton( J)  , Teff( J) = ON/OFF times of each vent  (J = 1 , 2 ,  3) 

Drag option ( cons t an t  a rea  or a t t i t u d e  dependent) 

(g)  b = ( b l ,  b2 ,  ---I Doppler biases (up t o  9 )  
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( h )  For each bias, bi 

(i) 
(ii) Forward l i n k  r e l ay  I D  = E ,  S, W 
(iii) Return l i nk  r e l a y  I D  = E ,  S, W 

Type I D  = two-way/three-way or hybrid 

(5) A p r i o r i  covariance 

A ( t A )  covariance (up t o  15x15) of  input  so lu t ion  vector  a t  anchor 
time 

( 6 )  

( 7 )  

Output vec tor  - content  format is i d e n t i c a l  t o  ( 4 )  

Output so lu t ion  covariance - content  format is i d e n t i c a l  t o  ( 5 )  

(8 )  Other input  information 

( a )  Data f i l e  

I n i t i a l  ba t ch  I D  
F i n a l  batch I D  
Tracking-type exclusion flags 
Batch exclusion flags and exclusion type 
Data-type exc lus ion  flags (each data type)  
Data biases ( f o r  each data type)  f o r  each batch 
S t a r t  time of da t a  arc 
Stop time of data a r c  
Length of data a r c  

( b )  Input  vec tor  

( i)  Vector I D  
(ii) Delta A 
(iii) TDRS vec tor  I D  

( c )  Input  covariance 

( i )  Covariance ID, ( f o r  C ( t E > )  
( i i)  Parameter elements I D  (BCOV, SnCOV) 
(iii) K = KGAMMA m u l t i p l i e r  
( i v )  n = number of  KGAMMA P B I  a p p l i c a t i o n s  

( d )  Low e l e v a t i o d a l t i t u d e  l i m i t s  

( i )  MINEL = minimum e leva t ion  f o r  ground d i r e c t  
(ii) RMNEL = minimum e leva t ion  f o r  ground TDRS 
(iii) MINCA = minimum a l t i t u d e  f o r  veh ic l e  (TDRS LOS) 

( e )  In t eg ra to r  force  model op t ions  

(i) Flags  tha t  ind ica t e  t h e  following: 
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(aa) M = include burns i n  MPT 
(bb) V = include v e n t s  
(cc) 
( d d )  D = include cons t an t  area drag 

A = include at t i tude-dependent  drag 

( 9 )  Other output  information 

( a )  Residual s ta t i s t ics  ( a l l  data types )  

(i) 
(ii) Number of  e d i t e d  data p o i n t s  
(iii) 
( i v )  Number of accepted data p o i n t s  
(VI Mean of accepted r e s i d u a l s  
( v i )  Standard dev ia t ion  of accepted r e s i d u a l s  

Total number of  v a l i d  data p o i n t s  

Number of excluded data p o i n t s  (unedi ted)  

( b )  Useful output  vector  elements 

( i)  Pos i t i on  magnitude 
(ii) I n e r t i a l  v e l o c i t y  magnitude 
(iii) Classical elements 
( i v )  Number of i t e r a t i o n s  through DCM 
( v )  Number of  i t e r a t i o n s  through DEP 
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THE DATA SET, L I S T  OF EXCLUDED 
BATCH I D S  AND FLAGS TO INDICATE 
REASON FOR EXCLUSION. TDRS IDS 
FOR THE DATA SET, AND ERROR 
FLAGS 

ERROR MODE = 1 
ERROR MSG = 37 

t 
STORE CURRENT 
SOLUTION RESULTS 
INTO SBHT 

f 
TCRN DECISION 
MAITING FLAG 
TO NO (=D) 
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F i g u r e  A-1 .- C o n t i n u e d .  
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(OFCP ERROR FLAG) 

OFCP ERROR FLAG: 

OFCP ERROR FLAG 

I S  REQUEST ANCHOR 
AT TIME OF LAST 

.- .- . . .. . 

. ,. .I , 1 

RESTORE CURRENT ESTIMATE 
OF STATE VECTOR TO THE 
VALUES AT THE TIME OF 
FIRST VALlO OBSERVATION 
OF DATA SET. RESET ANCHOR 
TIME TO THAT OF FIRST 
VAL1 D OBSERVATION 1- , 

I 

F i g u r e  A-1 .- Continued.  
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EDIT LOOP COUNTER 
SHOULD ALWAYS BE ZERO 
I N  THE SB CONTROL TABLE 

4 MODE = 1 

IS REQUEST OUTPUT 
TIME = TIME OF LAST 
DATA POINT 

IS REQUEST OUTPUT 
TIME = TIME OF LAST 
DATA POINT NO 

USE CP TO OBTAIN 
STATE TRANSITION, 

ANCHOR TIME TO 
OUTPUT TIME 

SAVE CURRENT ESTIMATE 
OF THE STATE VECTOR 
AND THE TIME (to) 

TIME AT TIME OF LAST. 
VALID OBSERVATION AS 
STATE VECTOR AND TIME 
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Figure A-1 .- Continued. 
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CALL FFP WITH DESIGNATED 
OPTIONS; PROPAGATE A 
PRIORI STATE VECTOR TO 
OUTPUT TIME 

1 

I CMP I I SET ERROR MODE 1 
1 

AND ERROR MESSAGE 
AS INDICATED I N  

CALL CMP; PROPAGATE CURRENT 
COVARIANCE MATRIX TO OUTPUT 

I I 

/ 
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Figure A-1 .- Concluded. 
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+NO COUNTER ~ 

INPUT STATE VECTOR 
ID DEFINED 

ERROR MODE = 1 
INPUT COVARIANCE MATRIX 
ID/MODE DEFINED 

SOLUTION VECTOR 
SIZE/CONTENTS DEFINED 
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Figure A-2.- Flow diagram for the orbit determination (OD) process. 
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STATE VECTOR AND 
T I E  FOR TARGET 

+A0 LOCATED 

\*.rl_- 
ERROR &ODE = 1 I FRRflR M'X = 91 c It5 

*WE STATE VECTOR FROM 
SPECIFlED LOCATION INTO 
CONTROL TABLE SLOT FOR 
INPUT STATE VECTOR 
...I " 

I ADD Pa TO 
STATE VECTOR I 

Aa = 0 w 

Figure A-2.- Continued. 

I ERROR MODE = 1 I ERROR MSG = 4 
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P 

INCLUDE VENT(S) IN 
AUXILIARY VENT TABLE 
FOR FFP PREPROCESSOR 

ERROR MODE = 2 

DOES INPUT VECTOR 
CONTAIN DRAG 
MULTIPLIER 

ERROR MODE = 2 
ERROR MSG = 27 SET DRAG MULTIPLIER 

IN FFP P”nPR0CESSOR’S 
AUXILIARY TABLE EQURL 
TO STfbT;T:. VECTOR VALUE 

Figure A-2.- Continued. 
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Y 

0 SET ANCHOR TIME = TIME OF FIRST DATA POINT 

STATE VECTOR REF. 
= ANCHOR TIME 

CALL FFP W I T H  DESIGNATED 
OPTIONS: MOVE STATE VECTOR 
TO ANCHOR TIME 

STATE VECTOR REF. 
, , , YES& = ANCHOR TIME 

TIME 

J 
SET ERROR MODE AND 
ERROR MESSAGE AS 
INDICATED I N  
APPENDIX B 

I 1 
1 

FILL I N  REMAINDER OF STATE VECTOR 
FROM INPUT PORTION OF CONTROL TABLE 

Page 4 of 9 
F i g u r e  A-2.- Continued. 
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SEARCH FOR NEXT REQUIRED TDRS STATE 
VECTOR USING SOURCE INDEHTIFICATION 
FROM CONTROL TABLE I 

\ " ? D > T  .I..1 , 
ERROR NODE = 1 
ERROR MSG = 21 
1 

I I FFP 
W 

CALL FFP WITH TDRS STATE VECTOR 
GENERATE REQUIRED TDRS EPHEMERIDES I 

Figure A-2.- Continued. 
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P 

ZERO COVARI 

AND I N  CONTROL I T S  I N \  I””, CMP 

lARIANCE 
MTRIX  
m,, . ,n 

ERROR MODE = 1 
ERROR MSG = 22 

I 
IMULTIPLY COVARIANCE  MATRIX^ 

(n = NUMRER OF TIMES K r 

NVERT COVARIANCE MATRIX 
ND STORE I N  CONTROL TABLE 

F i g u r e  A-2.- Continued. 

NCE MATRIX 
RSE REGIONS 

, 
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I CONVERGENCE PROCESSOR I 

I ITERATE TO A CONVERGED LEAST 
SQUARES STATE VECTOR AND I COVARIANCE MATRIX 

LOAD FFP PREPROCESSOR 
AUXILIARY WITH DYNAMIC 
PARAMETERS 

USING CURRENT ESTIMATE OF THE 
TARGET VEHICLE'S STATE VECTOR 
GENERATE AN EPHEMERIS WHICH 
SPANS THE DATA SET. STORE 
STATE VECTOR AT TIME OF LAST 
OBSERVATION IN CONTROL TABLE 

F i g u r e  A-2,- C o n t i n u e d .  
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P 
SET ERROR MODE AND ERROR 

I N I T I A L I Z E  THE STATISTICS ARRAY, 
u FOR EACH DATA TYPE (ANGLE 1, 
ANGLE 2, RANGE, 2-WAY DOPPLER 
AND 3-WAY DOPPLER) p = 0 a = 0 
TOTAL COUNTS = 0 

OFCP 

OBTAIN BATCH 
OF DATA 

I IS T H I S  THE FIRST 
BATCH OF DATA AND 
I S  I T  ALREADY 
AVAILABLE 

I RESIDUAL COMPUTATION PROCESSOR I 

AND RESIDUAL STATISTICS FOR 

t 
I COMPUTE TOTAL COUNTS, u AND 

u FOR EACH DATA TYPE 

F i g u r e  A-2.- C o n t i n u e d .  
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a RETURN 

I 

Page 9 of 9 

F igure  A-2. -  Concluded. 
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EDIT LOOP 

DEP 
INPUT: DATA BATCH AND 
RESIDUALS, EDIT CONSTANTS 
OUTPUTS: EDITED DATA 
BATCH, COUNT OF EDITED 
POINT$, ERROR FLAGS I 

I SET NUMBER OF EDITED 1 

I POINTS I N  BATCH HEADER 
SET BATCH EDIT FLAG I N  

DFCP SETS FLAG+ 

HEADER I 

Page 1 o f  2 
F i g u r e  A-3.- F l o w  d i a g r a m  f o r  t h e  EDIT p r o c e s s .  
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DEP CHANGED AT 
LEAST ONE POINT 

MAXIMUM NUMBER 
OF EDIT LOOPS YES 

SET CP FLAG 

I 

I SET INDICATOR] 
TO EDIT NOT 

I 1 

DFCP 

WRITE EDITED 
DATA BATCH 

TO EDIT 
COMPLETE 

23 RETURN 

Figure A-3. - Concl uded. Page 2 o f  2 
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APPENDIX B 

ODE ERROR MESSAGE SUMMARY 

Numerous condi t ions t h a t  may occur within t h e  DCM, CP, ODP, and/or ODE r e q u i r e  
e r r o r  messages t o  a le r t  the  u s e r .  

a .  

b. 

Error message generat ion 

Error messages s h a l l  be generated by t h e  ODE f o r  d i sp l ay  only.  The e r r o r  
message or an abbreviat ion thereof shal l  be s to red  f o r  display purposes. 
Each of  these unique e r r o r  messages s h a l l  have associated w i t h  it, a l s o  f o r  
d i sp l ay  purposes, an e r r o r  message number i n  t h e  form of a p o s i t i v e  two-digit 
i n t e g e r .  

Error modes f o r  OD output  d i s p l a y s  

The OD output d i s p l a y s  ( c u r r e n t  BB output ,  cu r ren t  DCE output,  and cu r ren t  
SB ou tpu t )  s h a l l  be driven i n  one of  four  e r r o r  modes whenever an e r r o r  con- 
d i t i o n  occurs.  

Error  mode 1 

When an e r r o r  condi t ion occurs t h a t  prevents  execution of an OD solu- 
t i o n ,  t h e  related output display s h a l l  be driven i n  e r r o r  mode 1 .  A l l  
output information s h a l l  be blanked. Input data s h a l l  be displayed 
nominally. The use r  e r r o r  message ind ica t ing  the  nature  of t he  e r r o r  
condi t ion s h a l l  be displayed.  The PET and GMT of  t he  l as t  d i sp l ay  
update sha l l  be driven nominally. The use r  decis ion s t a t u s  i n d i c a t o r  
s h a l l  i n d i c a t e  ERROR. The s o l u t i o n  I D  t h a t  would have been assigned t o  
t h e  so lu t ion  had it been executed s h a l l  be displayed.  

Error mode 2 

When an e r r o r  condi t ion occurs t h a t  does not prevent the  execution of  
a requested OD so lu t ion  but which i n d i c a t e s  t h a t  the  output may be 
quest ionable  or i n v a l i d ,  t he  r e l a t e d  output display s h a l l  be driven i n  
e r r o r  mode 2. A l l  input  and output  information s h a l l  be 
displayed nominally. The user  e r r o r  message ind ica t ing  the  nature  of  
t h e  e r r o r  condi t ion s h a l l  be displayed.  The u s e r  decis ion s t a t u s  ind i -  
c a t o r  s h a l l  i n d i c a t e  WAITING.  The so lu t ion  I D  s h a l l  be assigned and 
displayed nominally. 

Error  mode 3 

When an e r r o r  condi t ion occurs t h a t  does not prevent t he  execution o f  
a requested OD s o l u t i o n  bu t  which i n d i c a t e s  t h a t  output data  are unques- 
t ionably i n v a l i d  and/or unusable, the  r e l a t e d  output display s h a l l  be  
dr iven i n  e r r o r  mode 3. A l l  output  s h a l l  be i d e n t i c a l  t o  e r r o r  mode 1 
except t h a t  the  following output data  s h a l l  be displayed.  
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( a )  Data set count 

(ab)  Total  number of observat ions 

(bb)  Number of ed i ted  observat ions 

( c c )  Number of unedited observat ions excluded 

( d d )  Number of accepted observat ions 

( b )  Number of  i t e r a t i o n s  

( c )  Number of divergent  i t e r a t i o n s  

( 4 )  Error mode 4 

When an e r r o r  condi t ion occurs t h a t  prevents the execution of a FORCE, 
ACCEPT, or REJECT PBI reques t ,  the r e l a t e d  output  d i sp lay  s h a l l  be 
dr iven i n  e r r o r  mode 4.  A l l  previous input  and output data sha l l  be 
re ta ined .  The use r  e r r o r  message ind ica t ing  the nature  of t h e  e r r o r s  
s h a l l  be displayed.  The PET and GMT o f  the las t  display update s h a l l  
be driven nominally. The use r  decis ion s t a t u s  ind ica to r  shall i n d i c a t e  
ERROR. 

The var ious e r r o r  messages and t h e i r  assoc ia ted  e r r o r  modes are 
summarized i n  the following table.  References B-I and B-2 provide more 
de t a i l ed  desc r ip t ions .  

APPENDIX B REFERENCES 

B-I Osburn, R .  K . ,  and Wollenhaupt, W. R . :  OPS MCC Ground Navigation Program, 
Level C O r b i t  Determination Processing,  Display and Control Requirements, 
In t roduct ion ,  Overview, and Functional Requirements. JSC I N  78-FM-46, Oct. 
1978 

B-2 IBM Federal  Systems Divis ion.  Ground Based Space Systems, CCS Trajectory 
Design Spec i f i ca t ion .  NAS 9-14350, Feb. 1 ,  1977. 
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-- 
! ! t o  ! ! 
! ODE !--.t! CMP ! INTERFACE TABLE 
! ! ! ! 

(Propagation of  SB so lu t ion  covariance t o  endtime) 

I 

ODE parametera CMP parameter b 

VFLAGi 

BFLAGi 
DFLAG 

Solut ion 
vector  content  

Unit Des c r  i p ti on 

I n t e r n a l ,  SB so lu t ion  covariance a t  
SB anchor time 

I n t e r n a l  S t a t e  t r a n s i t i o n  matr ix ,  
6 x ( 6  + m) where 
m = number of dynamic parameters 

i n  so lu t ion  vector  

F1 ag I d e n t i f i e s  t lsolve-fortt  dynamic 
parameters and b iases  i n  
so lu t ion  vector  

! ! t o  ! ! 
! CMP !--+! ODE ! INTERFACE TABLE 
1 ! ! ! 

CMP parameterb ODE parametera Unit Description 
-- __I- -- 

A( t F )  A( t F >  In te rna  1 SB so lu t ion  covariance 
propagated t o  SB endtime, 
t F 

aSee sec t ion  10.0 of t h i s  document. 
bSee sec t ion  3.1 . I of volume IX. 

c-3 
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-- 
! ! t o  ! I 

! ODE !---! CMP ! INTERFACE TABLE 
! ! ! ! -- 

IDC a p r i o r i  covariance cons tan ts )  

ODE parametera CMP parameterb Unit Descr ipt ion 

V I D  Link I D  Flag Identifies vehic le  

RCOVID Covariance I D  Flag Location of input  covariance 

ACOV I D  

VFLAGi 

BFLAGi 
DFLAG 

Solut ion F1 ag Location i n  CST (BCOV or SnCOV) 
parameter I D  where dynamic parameter covar- 

iance  matrices a re  s tored  

So l u  ti on Flag I d e n t i f i e s  dynamic parameters 
vector  content  i n  so lu t ion  vector  

I n t e r n a l  Anchor s ta te  (M50) and time Xp f t A X A V ~ A  

'TI Gn 
T T I k  

XTT CN I n t e r n a l  M50 s ta te  and epoch f o r  each 
maneuver between input  time 
and anchor time 

! ! t o  ! ! 
! CMP !---! ODE ! INTERFACE TABLE 
! ! ! ! 

ODE parameterb CMP parametera Unit Description 

A( t A )  A( t A) I n t e r n a l  A p r i o r i  covariance a t  DC 
anchor time, t A  

aSee sec t ion  7.2.2 of  t h i s  document. 
"See sec t ion  3 . I  . I  of  volume IX. 
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- 
! ! t o  ! ! 
! ODE !---! CP ! INTERFACE TABLE 
! ! ! ! 

a b  

ODE parametera CMP parameter Unit  Descr ip t ion  
- 

-- Link I D  DC l i n k  I D  

S RF PF 

DTXCL 

VFLAGi SVFLGS 
DFLAGi 
BFLAGi 

F1 ag Solu t ion  reques t  f l a g  (SRF = 6 
means fo rce )  

Flag Measurement type exc lus ion  
flags (C-band azimuth, C-band 
e l eva t ion ,  etc.  1 

Flag I d e n t i f i e s  dynamic parameters 
i n  s o l u t i o n  vec tor  

i VSTARTi T ~ T (  1) h r  Vent number i start  time 

VSTOPi SVNT(I) h r  Vent number i s t o p  time 

GMTEND = tj, TEND h r  GMT of  last  va l id  da ta  p o i n t  

MINEL I n t e r n a l  Minimum e leva t ion  for ground 
d i r e c t  

ED 

RMNEN ER 

M I N C A  

I n t e r n a l  Minimum e leva t ion  f o r  ground/ 
TDRS 

Internal .  Minimum RF path a l i t u d e  
veh ic l  e/TDRS 

INTEG INTEG Flag I n t e g r a t o r  force  model opt ion 

MAXIT = JMAX JMAX 

MAXDV = KMAX KMAX 

In t ege r  Maximum number of  DCM 
i t e r a t i o n s  

In t ege r  Maximum number of  d ivergent  
it era t i ons 

aSee sec t ion  13.0 of t h i s  document. 
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-- 
1 ! t o  ! ! 
! ODE !---! CP ! INTERFACE TABLE 

ODE parametera CMP parameter Unit Descr ipt ion 

- E = [ ~ ~ T ]  

CDRAG 
CBIAS 

- 
E I n t e r n a l  Convergence c r i t e r i a  

aSee sec t ion  13.0 of t h i s  document. 
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- 
! ! t o  ! ! 
! ODE !---! CP ! INTERFACE TABLE 
! ! ! ! - 

ODE 
parameter 

CMP 
parameter 

- 
xP 

"1 

- 
X C  

AC 
- 

J 

K 

A> 

- 
bX 

s ip  
- 
EPH( I) 

Data 
batch 

Data 
super- 
batch 

n 

BTIMES 

- 
xP 

- 
X 

J 

K 

SJ 

s i  
- 

6XP 

VEPH 

Data 
batches 

Data 
batches 

N 

BTIMES 

Unit 

I n t e r n a l  

I n t e r n a l  

In t e rna l  

In te rna  1 

In teger  

In teger  

In t e rna l  

In te rna  3 

I n t e rna l  

In t e rna l  

In teger  

h r  

ODE 
vo l .  v ,  
sec . 
-- 
13 .O 

13 .O 

13 .O 

13 .O 

10 .o 

4 .O 

Description 
-- 

\ 
A p r i o r i  state vector  

A p r i o r i  covariance matrix 
t h a t  is KGAMMA degraded 
and inverted 

Solut ion vector  

Solut ion covariance 

I t e r a t i o n  count of las t  
c a l l  t o  DCM 

Divergent i t e r a t i o n  count 
of l as t  c a l l  t o  DCM 

Vector of absolute  values  
of changes t o  a p r i o r i  
vec tor  

D i f f e ren t i a l  cor rec t ion  

Total  d i f f e r e n t i a l  correc- 
t i o n  on las t  c a l l  t o  DCM 

TDRS ephemerides 

Batch of data t o  be 
processed 

4 .O Superbatch of data 
processed 

Number of elements 
so lu t ion  vector  

t o  

i n  

Batch times of each batch 

c-7 
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- 
! ! t o  ! ! 
! ODE !--*! CP ! INTERFACE TABLE 
! ! ! ! 

ODE 
ODE CMP vo l .  v, 

parameter parameter Unit sec. Descr ipt ion 

NB NB In teger  Tota l  number of batches 

AT AT h r  Length of data arc 

SCT SCT S t a t i o n  characteristics 
table 

C-8 
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CP parameter 

!- ! t o  !- ! 
! CP !--! ODE ! INTERFACE TABLE 
! ! ! ! 

pC 

I T  

'e 

J 

K 

ax  
axp 
- 
XC 

*C 

'j 

?'(t$, to> 

IODERR 

D 

RTWR 

ODE parametera Unit  besc r ip  t i o n  

PC 

'e 

I T  

b(t&,tO> 

Error  mode 

D =  

+ ATWF) 
S 

Flag 

Flag 

Flag 

In teger  

In teger  

I n t e r n a l  

I n t e r n a l  

I n t e r n a l  

I n t e r n a l  

I n t  e rna 1 

I n t e r n a l  

Flag 

I n  t erna 1 

I n t e r  na 1 

Divergence e r r o r  f l a g  

I t e r a t i o n  e r r o r  f l a g  

Convergence f l a g  

I t e r a t i o n  count 

Divergent i t e r a t i o n  count 

D i f f e r e n t i a l  cor rec t ion  

Total  d i f f e r e n t i a l  cor rec t ion  

Solut ion vec tor  

Solut ion covariance 

Vector of absolu te  values  
of changes t o  a p r i o r i  vec tor  

State t r a n s i t i o n  matr ix  from 
endtime t o  start time of 
data arc 

Error  mode of  e r r o r  i n  DCM 

Predicted decrease i n  r e s i d u a l  

Sum of squares  of  r e s idua l s  

aSee sec t ion  10 .O of t h i s  document. 
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! ODE !---! DEP ! INTERFACE TABLE 
! ! ! !- 

ODE parameter DEP parameter Unit Descr ipt ion 

D D 

DELTA 1 DELTA 1 

DELTA2 

ELIM 

G 

DT 

K1 

K2 

DELTA2 

ELIM 

G 

DT 

K1 

K2 

L i m i t  t h a t  sets the s i z e  o f  the 
d i scon t inu i ty  t h a t  can be accepted 
( D  > I ) .  

User-definable constant  greater 
than 0 ,  which sets the smallest 
f r a c t i o n a l  increase  between DIB 
va lues  that  w i l l  t r i g g e r  the auto- 
matic e d i t  l e v e l  s e t t i n g  log ic .  

User-definable constant  g r e a t e r  
than 0 ,  which sets the smallest 
f r a c t i o n a l  increase  between D ~ B  
values  tha t  w i l l  trigger the auto-  
matic ed i t  l e v e l  setting log ic .  

L i m i t  t h a t  sets the f r a c t i o n  of  
the data that can be edi ted before 
the  e d i t  s t o p  flag is set  ( D  < 
ELIM < 1 ) .  

In teger  l i m i t  t h a t  determines how 
many consecut ively edi ted poin ts  
can be accepted (G > 1). 

Ind ica t e s  the measurement types 
contained wi th in  the cu r ren t  batch. 

User-definable constant  greater 
than 1 ,  which sets the largest 
o v e r a l l  increase  i n  D I B  values  rel- 
a t i v e  t o  their  reference that  w i l l  
be accepted before the automatic 
l e v e l  s e t t i n g  l o g i c  is t r igge red .  

User-definable constant  greater than 
1,  which sets the largest o v e r a l l  
i nc rease  i n  D ~ B  values  r e l a t i v e  t o  
t he i r  re ference  that  w i l l  be ac- 
cepted before the automatic e d i t  
l i m i t  s e t t i n g  log ic  is triggered. 

C-10 
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1 ! t o  ! ! 
! ODE !--4 DEP ! INTERFACE TABLE 
! ! ! ! 

ODE parameter DEP parameter Unit ' Description 

M I N  1 M I N  1 

MIN2 MIN2 

NF 

ROB ROB 

RMIEJl,RMIN2, RMLN 
RMIN3 

RMAXI ,RMAX2, RMAX 
RMAX3 

SI 

s2  

SI 

s2  

User-definable in t ege r  constant  
t ha t  sets the lower l i m i t  t o  
the number of po in t s  f o r  which 
a D1 e d i t  w i l l  be performed 
( M I N I  > 2)  

User-definable in t ege r  cons tan t  
t h a t  sets the lower l i m i t  t o  
the number of  po in ts  f o r  which 
a D2 e d i t  w i l l  be performed 
(MIN2 > 3 ) .  

Number of  frames i n  batch. 

I n t e r n a l  Residuals f o r  the batch of 
observat ion.  

I n t e r n a l  Set of user-def inable  cons t an t s ,  
one f o r  each measurement type,  
tha t  sets a lower bound below 
which e d i t i n g  w i l l  not occur.  

I n t e r n a l  Se t  of user-def inable  cons t an t s ,  
one fo r  each measurement type,  
tha t  sets an upper bound beyond 
which pre-edi t ing w i l l  always 
occur.  

User-definable l i m i t  between 
0 and 1.0 which sets the frac- 
t i o n  of D I B  values t h a t  w i l l  not 
be edited by con t ro l l i ng  the  
re ference  of  the automatic 
e d i t  l i m i t  s e t t i n g  log ic .  

User-definable l i m i t  between 
0 and 1.0 which sets the f r a c t i o n  
of D ~ B  values  t h a t  w i l l  not 
be edited by con t ro l l i ng  the 
reference of the automatic 
e d i t  l i m i t  log ic .  

c-I 1 
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!- ! to ! 1 

! ODE !--& DEP ! INTERFACE TABLE 
! ! - ! ! - 

ODE parameter DEP parameter Unit Descr ipt ion 

t R T r  h r  Time tags assoc ia ted  with each 
r e s i d u a l  i n  batch.  

Ed it flags Flag  Ed i t  flags assoc ia ted  w i t h  
each r e s i d u a l  i n  batch 

'ed 

c-12 
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I- ! t o  ! ! 

!- 
! DEP !---! ODE ! INTERFACE TABLE 

! ! ! 

DEP parameter ODE parameter Unit Descr ipt ion 

E d i t  s t o p  Edit s top  Flag Ind ica t e s  tha t  the e d i t o r  has 
flag flag encountered a s i t u a t i o n  c a l l i n g  

f o r  user  examination 

E d i t  a l te r  E d i t  a l te r  Flag Ind ica t e s  t h a t  t he  cu r ren t  pass  
f l a g  f l a g  through the e d i t o r  has caused 

a change i n  the batch e d i t  
s t a t u s .  

Flags Ind ica t e s  which poin ts  i n  batch 
of observat ions were ed i ted .  

E d i t  f l a g s  ped 

Batch edi ted Batch edited Flag' Ind ica t e s  that the batch has r--------------------------------- -1 

I I ,f~g-____,fla41,,,,,,,,,,,,,,,,--,,,,,,,,~ been edited.  

Number of 
e d i t e d  poin ts  

-- Ind ica t e s  t h e  number of po in t s  
edi ted for each observat ion.  

C-I 3 
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I- ! t o  !- ! 

! - ! !- ! 
! ODE !--*! DFCP ! ItfTERFACE TABLE 

ODE parametera DFCP parameter Unit Descr ip t ion  

t I N I T  h r  I n i t i a l  time 

Batch I D ' S  f o r  
Current .batch 
Rechain bat;ch 

Previous s o l u t i o n  I D  

ODE mode 

F i r s t  batch I D  

Last batch'ID 

aSee appendix A ,  f i g u r e  A-I f o r  f u r t h e r  d e f i n i t i o n .  

? 

c-14 



78FM30 : V 

! ! t o  ! ! 
! DFCP !---! ODE ! INTERFACE TABLE 
! ! !- ! 

DFCP parameter ODE parametera Unit Descr ipt ion 

-- Batch I D  

h r  T ime  of  first v a l i d  observat ion t 0  

t!t 
AT h r  Time span of da ta  arc 

Time  of las t  va l id  observat ion 

Flag Error flags 

Number of batches 

h r  S t a r t  time f o r  each batch 

I D  f o r  each batch 

L i s t  of 
Excluded batch I D ' S  
Flags ind ica t ing  reason f o r  

exclusion 

TDRS I D ' S  

Error  flags 

Batch Data batch 

aSee appendix A ,  figure A-I f o r  f u r t h e r  d e f i n i t i o n .  
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!- ! t o  I- ! 
! ODE !--& FFP ! INTERFACE TABLE 
1 ! ! ! 

ODE FFP 
parameter parameter Unit 

ODE v o l .  
V,  sec. Descr ip t ion  

tOUT h r  Appendix A ,  
figure A-I 

Output time 

t A hr Appendix A ,  
f i g u r e  A-I 

Anchor time 

- 
I n  terna 1 xP Appendix A ,  

f i g u r e  A-I 
A p r i o r i  state a t  anchor 
time 

INTEG Flag Appendix A ,  
f i g u r e s  A-1 
and A-2 

I n t e g r a t i o n  opt ion 

I n t e r n a l  

I n t  e r a  1 

Appendix A ,  
f i g u r e  A-2 

Reference time of i n p u t  
vec to r  

Appendix A ,  
f i g u r e  A-2 

Input state vector  

h r  

I n t e r n a l  

I n t e r n a l  

Appendix A ,  
figure A-2 

Anchor time 

Appendix A ,  
f i g u r e  A-2 

TDRS state vector  

Appendix A ,  
f i g u r e  A-2 

Current estimate o f  
s o l u t i o n  state 
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!- ! t o  ! ! 
! FFP !--*! ODE ! INTERFACE TABLE 
! ! ! ! 

FFP ODE ODE v o l .  
parameter parameter Unit V ,  sec. Descr ip t ion  

- 
I n t e r n a l  Appendix A ,  A p r i o r i  vector  a t  output  

f i g u r e  A-I time xP 

Internal  Appendix A, A p r i o r i  vector  a t  anchor 
f i g u r e  A-2 time 

Flag Appendix A ,  Numerical i n t e g r a t i o n  
f i g u r e s  A-1 e r r o r s  
and A-3 

Appendix A ,  TDRS ephemeris 
f i g u r e  A-2 

Flag Appendix A , Vehicle ephemeris 
f i g u r e  A-2 
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I- ! t o  ! ! 
! ODE !--+! RCP ! INTERFACE TABLE 
! ! ! ! 

ODE parame tera RCP parame t e r b  ' Unit Descript ion 

- 
EPH( I) 

KBIASi 

BFLAGi 

- 
BEPH( I) 

MINEL Ed 

RMNEN E r  

MINCA Eh 

Internal Ephemerides spanning the batch 

Hz Doppler biases  f o r  so lu t ion  
vec tor  

Solve-for bias flags - i d e n t i f i e s  
elements of t he  so lu t ion  vec to r  

Flag 

rad Minimum e leva t ion  f o r  direct  
tracking 

rad Minimum TDRS e l eva t ion  f o r  r e l ay  
tracking 

Minimum RF path a l t i t u d e  f o r  
TDRS /vehic le  

E . r .  

BATCH BATCH Batch of data 

S CT SCT S t a t i o n  c h a r a c t e r i s t i c s  ta,ble 

aSee sec t ion  4 .O of t h i s  document. 
bSee sec t ion  3. I o f  volume XIII. 

E18 
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- 
! ! t o  ! ! 
! RCP !--& ODE ! INTERFACE TABLE 
! 1 1 ! 

ODE RCP v o l .  ODE v o l .  
parameter Unit X I I I ,  sec. V ,  sec. Description 

R CP 
parameter 

t R 

OB 

Ehtch I D  

3.1, 3.2 10.0 Reference time h r  t R 

3 .1 ,  3.2 Measurement i n d i c a t o r  
1 = ANGI = A Z , X N / s ,  

xE/W 
2 = ANG2 = E ~ , Y N / s ,  

'E/W 
3 = Range 
4 = Simple Doppler 
5 = Complex Doppler 

ROB 

'ed 

'E/h 

I n t e r n a l  3.1 Residual 

Flak3 3.1 E d i t  f l a g  

Flag 3.1 Elevation a n g l e h e l a y  
RF s i g n a l  pa th  a l t i t u d e  
exclusion f lag 

NTOT 3.2 Total  number of v a l i d  
observat ions 

NED 3.2 Total  number of  edi ted 
observat ions 

NEX 3.2 Number of unedited 
excluded observat ions 

NA CC 3.2 Number of accepted 
observations 

I n t e r n a l  3.2 6 .O Mean of accepted v 
observat ions 

v 
i 

CT I n t e r n a l  3.2 6 .O Standard deviat ion of 
accepted observat ions 

c-19 
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I- ! t o !  ! 
I RCP !--4 ODE ! INTERFACE TABLE 
! ! ! I - 

R CP ODE 2 i RCP vol. ODE v o l .  
parameter parameter Unit  XLU;., sec. V ,  sec. Descr ipt ion 

RMS RMS I n t e r n a l  3.2 6 .O RMS of accepted obser-  
va t ions  

J 
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